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This thesis studies the co-movements of the major residential 
estates in Hong Kong over the period 1992:1 to 2004:12. Adopting the 
techniques from the financial crisis literature and with a variety of 
different metrics employed, a dramatic change in the degree of 
co-movement among real estates, in both real rate of return and trading 
volume, after the Asian financial crisis is confirmed. The results are 
interpreted in the light of recent development of financial theory. 
Directions for future research are also discussed. 
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This thesis attempts to contribute to the understanding of the change 
of the real estate market after a financial crisis. Previous researches on 
this issue focus on several major questions\ First, is the real estate 
market a cause of a financial crisis? Second, what are the consequences 
of a financial crisis to the real estate market? To answer these questions, 
the literature either uses aggregate data (city or even national level) or 
very micro data (transaction or mortgage loan contract level).^ 
To complement the literature, this paper would rather focus on 
whether (and how) the interactions among different real estate 
developments change after a financial crisis. Clearly, this research is 
related to several strands of the literature. First, it is related to the pricing 
of real estate. It is long recognized that the "stable factors" such as the 
reputation of the real estate developer and the specific location 
characteristics matter for the real estate pricing. It is especially true for 
residential housing as the school districts are proved to be an important 
Q empirical determinant for pricing. The previous literature seems to 
‘ F o r instance, see Mera and Renaud (2000), Quigley (2001). 
‘Clearly, it is beyond the scope of this paper to review the vast literature. See Chen and Wang (2005 
a, b) and the reference therein. 
3 Again, it is beyond the scope of this paper to review the vast literature. See Weimer and Wolkoff 
(2001) and the reference therein. 
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focus on real estate market in more advanced countries where severe 
economy-wide crises are relatively rare. This paper however studies the 
case of a real estate market which experiences a dramatic crisis and the 
interactions among different real estate developments potentially change. 
Since the "stable factors" do not change in the crisis, any changes we 
can measure can be attributed to the other factors, such as the wealth 
effect on housing demand. 
Second, this thesis is also related to the “co-movement，’ literature. 
There is a growing concern in the last three decades about the correlation 
structure of cross-country equity markets. First, correlation constancy 
among different assets is always not a realistic assumption when the time 
period we are considering is long. Second, there is a common feature 
shared by a series of local or regional stock market, currency or banking 
crises that a country-specific shock can transmit rapidly to other parts of 
the world. The markets being affected might be geographically distant 
and heterogeneous in economic structure, and this unusual increase in 
co-movement in asset returns, that cannot be explained or predicted by 
the macroeconomic fundamentals, is known as “contagion，，. This helps 
us to understand why when there are global shocks; we will probably 
observe correlation spikes at the exact timing of these events. The term 
“correlation breakdown" is used to describe the phenomenon of the 
2 
substantial difference in asset correlation in quiet and high turbulence 
markets. Third, we can usually observe that there are substantial 
differences in correlation between asset returns in bear and bull markets. 
The degree of co-movement is higher in the down market. Fourth, there 
is a tendency of increasing cross-market linkage with the gradual 
dismantling of regulatory barriers, the introduction of more advanced 
technology (particularly in data processing and telecommunications) and 
economic and political integration in the world. Some people argue that 
higher degree of interdependence is a consequence of increased volatility. 
Recently, Heathcote and Perri (2004) provide an interesting theoretical 
argument that financial globalization is inter-related with the reduction 
in international correlation in the real side of economy. Motivated by 
these stylized facts, it is then justified for academics as well as market 
participants to take a deeper look on the correlation structure among 
assets, because all these correlation-related phenomenon have important 
implications on the financial market performance, risk management, 
asset pricing and portfolio allocation. This thesis try to answer the 
question that whether the findings in financial market have any 
implications for the assets with all brick, mortar and metal in a 
metropolitan city level. Previous studies in the field of real estate 
economics and finance mainly focused on the intertemporal stability of 
correlation structure, rather than the sudden change or time-evolving 
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structure in the co-movement. 
This thesis also contributes to the understanding of a real estate 
market under stress by choosing a different level of aggregation and a 
richer set of measures. We employ the Hong Kong data for a case study. 
There are several merits of this choice. First of all, the real estate market 
of Hong Kong is well functioning with sufficient density of trading and 
homogeneity of assets^, which enables researchers to have a relatively 
high quality price index. Our full sample contains more than 200,000 
transactions in 13 years, and therefore we have the luxury to sub-divide 
it into 156 sub-periods on a monthly basis. The choice of monthly 
frequency for our study has clear justifications. To search for the timing 
of sudden change of correlation structure, a high-frequency data is 
desirable, or some information may be lost in the time aggregation 
process.^ To avoid the cross-sectional aggregation bias,6 we construct a 
balanced panel of estate-level ] data based on the original 
transaction-level data and employ it for analysis, which is more 
4 Most housing units in our samples are from high-rise buildings. Many of them have 20 or even 30 
storey high. And it is not uncommon to have several buildings with exactly the same design. This 
degree of homogeneity is relatively rare in the U.S. market, which is dominated by single-family 
detached houses. 
5 Among others, see Christiano and Eichenbaum (1987), Christiano, Eichenbaum and Marhall 
(1991). 
6 Among others, see Hanushek, Rivkin and Taylor (1996) for a general discussion of the 
cross-sectional aggregation bias. 
7 An "estate" in Hong Kong is similar to a "housing development" in the United States, i.e. a group of 
buildings built in the same neighborhood, at about the same time, usually by a single property 
developer. In Hong Kong, the population of some large estates is huge. Size of some of the estates can 
make them form a distinct community. 
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dis-aggregated and the reputation effect and other unobserved 
heterogeneity can be better controlled than previously used district-level 
data. In addition, we will be able to explore the unique characteristics of 
price movement of a physical property asset, in comparing with other 
indirect real estate investment. 
Now the correlation measures become an issue. As we have 36 
estate developments in the full sample (and 26 in the restricted sample), 
there are many correlations among different estates. To minimize the 
amount of discretion needs to be taken, for each "window" (2-year 
period), we simply calculate all the possible correlations among any 
pairs of estate developments and thus obtain a distribution of 
correlations. We count the correlations according to some rules and also 
compute the mean, the standard deviation and the skewness of the 
distribution for each "window". We then trace the evolution of how these 
"counts" and "moments" change over time. Interestingly, we find very 
clear and significant change in these moments, with the timing somehow 
later than the official date of the Asian financial crisis (based on the 
events in the foreign exchange market), suggesting a lag in response in 
the real estate market. To deepen the understanding, we repeat the 
exercise on the correlations of trading volume among different estates. 
We notice a difference in pattern and we will discuss them in later 
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sections. 
To quantify the forthcoming research foci more specifically, the 
hypotheses to be tested are stated more explicitly as follows. (1) Do the 
correlation spikes (i.e. a large, quick, temporary change in correlation) 
for residential estate prices coincide with the major demand shocks in 
the sample period? Figure 1 plots quarterly real residential property 
prices in the period 1992 Q1 - 2004 Q4. In the thirteen years, there are a 
number of important events in determining the value of residential 
housings, which include the announcement of anti-speculation measures 
in 1994, political uncertainty that given rise by arguments before the 
change of sovereignty in 1996, Asian Financial Crisis in 1997/98, the 
global technology (dot-com) stock meltdown in 2000, and outbreak of 
Severe Acute Respiratory Syndrome (SARS) epidemic in early 2003? (2) 
Do the estimated market correlations exhibit any trend of integration or 
segmentation in the past years? (3) Does the correlation structure 
demonstrate that there is a contemporaneous segmentation of the 
residential property market? In specific, we ask the question that 
whether there are any substantial differences between within-group and 
inter-group correlations. (4) Does the correlation structure among 
residential estates demonstrate an asymmetric structure? (5) Does the 
correlation structure of trading volume demonstrate any similarity in 
6 
comparing with those findings in studying the counterpart of real rate of 
return? Leung, Lau and Leong (2002) utilize a sample including 35 
residential estates in Hong Kong and the empirical findings reveal that 
most estates display positively significant correlations among the 
detrended prices and corresponding trading volumes, while a small set 
display negatively significant correlations. 
(Figure 1 about here) 
The organization of the thesis is as follows. Chapter 2 delineates the 
related literatures in the field of international finance and real estate 
finance and economics. Specifically it will include the details of 
empirical tests of correlation constancy, breakdown and asymmetry. 
Chapter 3 provides a description of the data and variables used. Chapter 
4 discusses the methodology employed. Chapter 5 presents the empirical 
findings and the interpretations. Chapter 6 is some concluding remarks 





This section reviews the literature on the study of correlation 
structure of asset returns. Our focus is the research question and the I 
I 
related methodology or econometric tools used by the researchers. It is | I 
because this kind of studies usually does not involve much theoretical | 
foundation. Only a few contributions can be found in the 'pure' real 
estate research. There are two major reasons to explain the limited 
amount of literature. The first reason is that some of the investigation 
targets have shifted from direct, physical property (i.e. 'bricks and 
mortars') to indirect, securitized investment (including the stocks of 
property companies and real estate investment trusts (REITs)), or 
studying the degree of integration of the real estate market and the stock 
market. Another reason is that, motivated by the significant benefits 
from international diversification of real estate assets, domestic 
geographical analysis of return correlation (e.g. United States and United 
Kingdom) is now receiving smaller attention than before. On the other 
hand, numerous papers can be found in the financial market literature. 
Hence, it is beneficial to include some financial literatures as 
complement. This section is divided into three parts. Firstly, we present a 
literature survey of early test of correlation constancy. Secondly, we 
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review the empirical studies of contagion. Thirdly, studies of correlation 
asymmetry are also discussed. 
2.1 Studies of Inter-temporal Stability of Correlation 
The evolution of covariance and correlation between asset returns 
has crucial importance for efficient financial decisions and 
inter-temporal stability of covariance and correlation is one of the 
concerns, no matter the asset are conventional financial assets or real 
estate assets. Traditional pairwise study of equality of correlation is 
undesirable if the number of variables being considered is large. Also, 
there is an ambiguity problem when some pairs of assets are stable while 
other pairs are unstable. As a result, some researchers turn to employ 
matrix-wide comparisons that consider every element in covariance (or 
correlation) matrices simultaneously. There are two stability tests for 
both correlation and covariance matrices. The two "global" tests are the 
Jennrich (1970) and Box (1949) statistics. The empirical works by 
Kaplanis (1988) and Longin and Solnik (1995) are the two often cited 
papers that use these tests for international equity market. 
The Box test (also known as Box's M test) is a test for equality of 
two matrices, which has an asymptotic chi-square distribution. It is 
based on a ratio of determinants of the sample covariance matrices. It is 
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first used only for testing the stability of variance-covariance across time. 
Tang (1995) extends the original method for testing correlation 
constancy. Box test is applied to standardized return data, as it is 
indifferent between testing covariance of standardized returns and 
correlation of the corresponding returns. The M statistics can be 
approximated by either a chi-square or an F statistic and Pearson (1969) 
shows that F approximation is a better choice for its accuracy. 
The Jennrich test quantifies the difference between two sample 
covariance (or correlation) matrices via the trace of a relative difference 
matrix, which is the difference between the two matrices divided by their 
sum. This test has an asymptotic chi-square distribution with the number 
of degrees of freedom equal to the number of parameters being tested. 
For example, given n variables, number of parameters being tested for 
correlation is n(n-l)/2 and that for covariance is n(n-l)/2 + n. 
Kaplanis (1988) examines the stability of correlation and covariance 
matrices of monthly stock returns of ten major countries from February 
1967 to May 1982. Jennrich test is applied to compare matrices 
estimated over sub-periods of 46 months. The results unequivocally 
reject the null hypothesis of constant correlation over the whole period, 
but not for any two adjacent periods. Examining covariance matrices do 
1 0 
not tell much for two reasons. First, these tests will involve the 
individual variance components (diagonal elements of the matrix), 
which are less likely to be stable over time. Second, as a covariance is 
the product of a correlation and two standard deviations, a covariance 
could be time-varying with time-varying standard deviations and 
time-invariant correlation and this will not be regarded as a structural 
change in co-movement. 
Longin and Solnik (1995) use the Jennrich test to examine the 
stability of correlation and covariance matrices of monthly excess 
returns for seven markets over six sub-periods of five years from 1960 to 
1990. Tests are applied for both adjacent and non-adjacent sub-periods. 
The null hypothesis of a constant correlation matrix is rejected at the 15 
percent confidence level in 10 out of 15 comparisons. Also, the 
conclusion of constancy for correlation is less clear than that of 
covariance matrices from the results of hypothesis testing. 
In the counterpart on real estate research, the number of studies that 
formally test for the equality of variance-covariance matrices and 
correlation matrices of real estate return is quite limited. Eichholtz (1996) 
uses monthly property company indices from DataStream for nine 
countries: Belgium, France, Italy, the UK, Australia, Japan, Singapore, 
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Canada and the US, over the period February 1973 through May 1993, 
except for Canada. Eichholtz tested for inter-temporal stability in the 
covariance, correlation and variance matrices using Jennrich's (1970) 
Chi-squared test. Dividing the data into four equal sub-periods of 
sixty-one months, the author found that the null hypothesis of stability 
could not be rejected for the correlation matrix at the conventional 
statistical levels, except when comparing the first and second periods 
with the third. In comparison, the covariance matrices were unstable 
regardless of time period considered. 
Lee (1998) conducts Box's M tests of the inter-temporal stability of 
covariance and correlation matrices of the total returns of the 19 
sector/regions in the United Kingdom of the Investment Property 
Databank Monthly Index (IPDMI). Analyses are conducted with (1) the 
four 30-month sub-periods, (2) the first and second halves and (3) the 
first 90 months and the final 30-month sub-period. The result suggests 
that the covariance stationarity is always rejected for both adjacent and 
non-adjacent sub-period pairs. For the correlation matrices, six tests out 
of eight reject the null hypothesis of equality at 10% level of 
significance, except for two concerning that non- adjacent sub-period 
pairs. 
1 2 
The above two global tests for correlation stability are quite intuitive 
and simple. However, there are still several problems for the global test 
based on correlation matrices. The first problem of these two tests is that 
the relationship of correlation and volatility is not being considered. If 
the time series of return data for different sub-periods are sufficiently 
long and have similar distributions (or data generating process), the tests 
will be a good choice to examine long run unconditional correlation 
structures. However, if we want to test for financial contagion, these two 
tests would not be a good choice as heteroskedasticity will be more 
likely to distort the test results. 
Furthermore, adjacent periods were no less significant than 
non-adjacent periods suggesting that correlation and covariance matrices 
do not change gradually over time but are subject to abrupt shifts in 
return patterns. Eichholtz arguing that this implies that the variance of 
returns will therefore be less stable than correlations between countries, 
as correlation coefficients measure the degree of integration between 
markets and that integration will not change suddenly. Eichholtz 
therefore next tested the variances of returns for instability. He found 
that all countries indeed show instability in the variances of returns 
between most sub-periods. This suggests structural changes in 
covariance structures are occurring rather than a uniform change in the 
13 
level of covariance. Eichholtz concluded that the instability in 
covariance structures limits the use of standard portfolio models in 
determining the allocation in international security investments. 
The second problem is that small sample properties of both tests are 
questionable. The two tests are asymptotically equivalent. However, if 
the sample size is too small, the two tests can give conflicting 
conclusions. Kaplanis (1988) gives a remark that ‘comparison of the two 
statistics could give some indication as to whether the sample size is 
sufficiently large'. This also explains why the standard applications of 
two tests are seldom used in the contagion literature as crisis period 
usually involves a few observations^. 
2.2 Studies of Contagion 
Methodology of empirical analysis on contagion is closely related to 
the definition the researchers choose. Contagion can be defined in many 
ways') and a restrictive version which adopted by Forbes and Rigobon 
(2002) is that contagion is ‘a significant increase in cross-market 
8 A recent application of Jennrich test by Chakrabarti and Roll (2002) for studying breaks in 
CO-movement is innovative. Tests are conducted with moving windows, and each window yield one 
Jennrich test statistic which compare correlation matrices between the first half and second half of the 
window. Then the authors plot the p-values of statistics over time to see that whether the p-value drop 
during the Asian financial crisis. 
()Pericoli and Sbracia (2003) have summarized five different definitions of contagion that are 
commonly used in the literature. Also, World Bank gives three dentitions, see the website 
http://wwwl.worldbank.org/economicpolicv/managing%20volatilitv/contagion/definitions.html 
1 4 
linkages after a shock to one country (or group of countries)'. The 
traditional tests of breakdowns in correlation coefficients aim to find 
excessive transmission of shocks and discontinuities in the 
data-generating process. In simple words, the empirical tests based on 
correlation coefficients will measure the change (or increase) in the 
correlation in returns after a shock, in comparing with the stable period. 
2.2.1 Sample Splitting Approach 
The sample splitting approach implies that the researchers divide the 
whole sample of observations into "crisis" and "non-crisis" sub-samples, 
and then compare the estimated correlation coefficient for each 
sub-sample. Correlation study is the most straightforward and earliest 
approach in the contagion literature^^. This approach is attractive in an 
implementation standpoint as no sophisticated estimation techniques are 
required. The analysis by King and Wadhwani (1990) is influential as it 
is the first paper which adopted this approach to examine the changes in 
the cross-market correlations that occurred after the U.S. stock market 
crash in October 1987. 
There are a wide variety of methodologies used by economists to investigate the issue of contagion, 
including linear regression (OLS and FGLS), principal component analysis, probit and logit models, 
leading indicators, ARCH and GARCH models, Markov switching models, cointegration, CAPM, 
VAR estimation and tests of Granger Causality, determinant of covariance change test, etc. For an 
updated overview, see Dungey, Fry, Gonzalez-Hermosillo and Martin (2005). 
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Some researchers argue that simply using the raw asset returns to 
calculate correlation coefficients for contagion tests have several 
problems. Their explanation is that the co-movement of asset returns 
may be driven by similar country-specific fundamentals or an exogenous 
global factor. An increase in correlation coefficient in the turmoil periods 
will not be necessarily an evidence of financial contagion. For this 
reason, most of the empirical papers would introduce information 
variables to control for both domestic fundamentals and global factors丄、 
Furthermore, autoregressive terms (lagged dependent variables) are 
introduced to control for serial correlation in return variables and 
therefore vector-autoregressive (VAR) and autoregressive distributed lag 
(ARDL) models are often used as filters^^. Hypothesis testing will be 
based on the residual correlation of regressions, as the remaining in the 
residuals are the country-specific shocks and the possible effect of 
contagion after removing the effects of own country fundamentals and 
global factors and serial correlation. 
However, even though we have overcome the problems of omitted 
“ B a i g and Goldfajn (1999) controlled for the effects of own-country good and bad news and 
common external factors such as the U.S. stock index and the yen/dollar exchange rate by dummy 
variables, in their analyses of correlation ofnstock market returns, interest rates, sovereign spreads, 
and exchange rates between five Asian countries. 
For instance, Forbes and Rigobon (2002) utilized the variance-covariance matrix estimates from a 
VAR model containing stock market returns of a number of countries (including industrial and 
emerging countries) to construct both the unadjusted and adjusted correlation coefficients to track the 
distinction between contagion and normal interdependence during the Wall Street crash in October 
1987, the Mexican crisis in 1994-95 and the Hong Kong crisis in October 1997. 
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information and serial correlation, there are still critical problems for the 
traditional test based on correlation coefficient, which are critical for 
estimation and decision-making. The most important problem is that 
correlation coefficients are conditional on the volatility of the variables. 
King and Wadhwani (1990) were already aware of the relationship 
between volatility and correlation. As discussed by Forbes and Rigobon 
(2002, p.2229), “the tests for contagion based on correlation coefficient 
are biased and inaccurate due to heteroskedasticity in market returns". 
For instance, given two positively correlated return variables, their 
correlation coefficient will become higher when the variance (volatility) 
of each of them increases during the crisis periods. Therefore, it is 
necessary to correct for the bias in the correlation coefficients generated 
by the different variance of the variables in the subsamples before 
having a comparison. In the existing contagion literature, there are two 
major methodologies that aim at correcting the bias due to the changing 
volatility. One is proposed by Forbes and Rigobon (2002) and another 
one is proposed by Corsetti et al. (2002). Both mechanisms are built on 
the assumption of a linear factor model. Forbes and Rigobon (2002) 
proposed a correction of correlation coefficients, which based on a 
parameter 5, i.e. the relative increase in variance in crisis market return^^. 
On the other hand, Corsetti et al. (2002) proposed another adjustment 
13 Boyer et al. (1999) and Loretan and English (2000) have derived the same adjustment framework 
as Forbes and Rigobon (2002), but with the restriction in assuming variables are normally distributed. 
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rule, which depends on one more parameter X, i.e. the ratio between the 
variance of the country-specific risk and the variance of the global factor, 
weighted by its factor loading (i.e. square of the coefficient of global 
factor). This ratio is assumed to be constant over time for simplicity, 
which means that variance of specific and global factor increased by the 
same proportion during the crisis. This measure of interdependence will 
be exactly the same as the adjusted correlation coefficient by Forbes and 
Rigobon (2002) if we set the ratio equal to zero. It is superior to the 
adjusted correlation coefficient by Forbes and Rigobon (2002) as it 
enables us to reduce the distortion when country-specific component of 
the crisis market is the main source of heteroskedasticity, which makes 
the tests generally biased for interdependence. 
However, in some cases, direction of bias and the corresponding 
correction may become an even more complicated problem with the 
presence of omitted variables, endogeneity and heteroskedasticity 
(another similar interpretation is that correlation coefficients are 
complex in functional form). Forbes and Rigobon (2002) said that we 
can only handle the problem by 'carefully choosing which countries and 
crisis periods to analyze (such as only including situations where 
endogeneity is expected to be minimal). In general, there is no perfect 
adjustment rule for correlation coefficients when there are problems of 
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omitted variables and endogeneity, together with heteroskedasticity 
Furthermore, even the idea behind the adjustment of correlation 
coefficient is being challenged. Chakrabarti and Roll (2002) present a 
counter-argument that any adjustment is unnecessary. Crises are 
identified by dramatic declines in asset values rather than unusual 
increase increases in volatility. It is obviously a "mean" problem rather 
than a "variance" problem. The bias problem raised by Forbes and 
Rigobon (2002) does not exist at all. 
Other empirical studies of contagion in the international equity 
market include Lee and Kim's (1993) study of the effect of the 1987 
Wall Street Crash on the co-movements among 12 national stock 
markets indices; Calvo and Reinhart's (1996) study of the effect of the 
December 1994 Mexican peso crisis for Asian and Latin American 
emerging stock and bond markets; the study of correlation between daily 
returns on the German and British bonds and stocks, and between daily 
returns on the dollar/yen and dollar/mark exchange rates by Loretan and 
English (2000); Park and Song's (2001) study on the effect of contagion 
in stock and foreign exchange markets during the East Asian crisis by 
examining pairwise correlations within eight East Asian countries. 
14 Rigobon (2003) proposes a new test, determinant of covariance change (DCC) test, that is robust to 
the above three problems. As the test is based on variance-covariance matrix but not correlation, I will 
not discuss it in details. Using the DCC test, he finds some evidence of contagion during the 1997 
crisis and 1998 Russian crisis, but not for the Mexican crisis. 
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However, these small amounts of literature already give mixed empirical 
evidence on contagion. Besides, this methodology has a number of 
critical weaknesses during estimation. These two points can help us to 
understand why just a few papers have adopted the sample splitting 
approach to study contagion until now. 
2.2.2 Time Series Approach 
Another approach of dealing time-varying correlation structure is to 
convert correlation coefficients for different periods into a time series. 
There are a number of advantages for the researchers to adopt this 
approach. Firstly, it can visualize the fluctuations of correlation 
coefficient over time with the aid of graphs. Secondly，we can implement 
all kinds of regression analysis to check for the determinants of 
fluctuations in correlation coefficient ^ .^ Thirdly, we can apply the 
time-series econometric techniques in investigating the impact of trend, 
structural breaks and long memory processes. Fourthly, this strategy will 
make the correlation coefficient forecastable. This provides flexibility 
for the researchers to conduct empirical tests. Two different methods can 
be classified in the group of time series approach. 
15 For example, Solnik et al. (1996) regress innovations in correlation on a constant and on the 
innovations in markets' volatility to track their links. Innovations are used instead of raw data because 
of the econometric problem of strong autocorrelation. 
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The first method is that we apply the technique of "moving 
window" of overlapping observations to calculate correlation coefficient. 
This can be done by replacing one observation from the beginning of the 
data series with the latest observation, with a fixed length of window. 
This approach can be easily found in many empirical papers for the 
graphical representation of time-varying correlation. For instance, 
Forbes and Rigobon (2002) calculated the quarterly moving averages 
correlation in stock market returns for Hong Kong and the Philippines; 
Pfiffner (2002) calculated the mean correlation of monthly excess 
returns of the U.S. market with the other 14 markets with a sliding 
window of three years. In the counterpart on real estate research, the 
number of studies is quite limited. Wilson and Zurbruegg (2003) use a 
graphical analysis to demonstrate unconditional correlation coefficient 
between the weekly real estate price returns of Hong Kong and 
Singapore is unstable over time. The data were extracted from 
DataStream International. Graphical assessments are conducted with 
both a one-year window and a three-year window. Their finding is that, 
irrespective of the window size, the two time plots jointly show the 
correlations between the real estate returns of two countries shoot up 
during the 1997 financial crisis. Wilson and Zurbruegg (2004) extended 
the target of analysis to other Asia-Pacific securitized real estate markets. 
2 1 
The second method is the Dynamic Conditional Correlation (DCC) 
model, presented by Engle (2002) and Engle and Sheppard (2001). It is 
an extension of Bollerslev's (1990) Constant Conditional Correlation 
(CCC) model. The DCC model is a benchmark for Multivariate GARCH 
models that shifts the target of modeling covariance dynamics to 
correlation dynamics. This new model preserves the merits of 
positive-definiteness of variance-covariance matrix and is computational 
friendly in the CCC model. The first point refers to the fact that given 
the complexity in the estimation process encountered in many of the 
MGARCH models, it is extremely difficult to guarantee a positive 
definite variance-covariance matrix along all the estimation process. The 
second point refers to the difficulty of estimating a large number of 
parameters when we use other MGARCH models. Another important 
advantage of the DCC model is that it allows for different persistence 
between variances of different variables and conditional correlations and 
this is attractive in comparing with the more parsimonious Orthogonal 
GARCH model's (Alexander and Chibumba, 1996) representation that 
restricts all elements having common persistence. The DCC model has 
also a two-stage estimation procedure. In the first stage, the estimation 
procedure is the same as the CCC model. It estimates the conventional 
univariate GARCH parameter for each zero mean s e r i e s I n the second 
'()Choices of the univariate GARCH models include a simple GARCH, EGARCH, GJR-GARCH or 
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stage, we will use the standardized residuals from the first stage to 
estimate the correlation parameters. The covariance structure for 
modeling time-varying correlation is specified by a GARCH (or ARMA) 
type process. It consists of lagged realization of the covariance of the 
standardized residuals and the past realization of the conditional 
covariance. The DCC model is conveniently estimated through 
maximum likelihood methods using a two-step procedure. Nevertheless, 
its major weakness is that the parameter estimates resulting from the 
two-stage estimation are only consistent but not efficient. Some 
economists like Choe and Nam (2005) estimate the model in one step for 
achieving efficiency when the number of variables is small. 
There are at the moment quite a number of extensions and 
generalizations of the original Engle's (2002) DCC model. This can be 
explained by the flexibility during estimation, especially in the second 
stage. Pelletier (2003) replaced the Engle's method of parameterizing the 
conditional correlation as a MGARCH process by a regime-switching 
approach where the transitions between regimes are modeled by a 
Markov chain. The most important property of this model is that 
conditional correlation remains constant within each regime but they are 
still time-varying because of the setup of regime switching. That is why 
other specifications. Cappiello, Engle and Sheppard (2003) provide a good summary of univariate 
GARCH model specifications in the Appendix B. 
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the author described this model as a mid-point of Bollerslev's CCC and 
Engle's DCC. Audrino and Barone-Adesi (2003) introduced two 
extensions on the original DCC model: the Rolling Window Average 
Conditional Correlation (RW-ACC) model and the Rolling Window 
Tree-Structured Average Conditional Correlation (RW-TACC) model. 
The main idea behind these two extensions is that they use rolling 
historical realized correlation together with the information included in 
the averaged conditional correlations to construct estimates and forecasts 
for time-varying conditional correlations. Cappiello, Engle and Sheppard 
(2003) included asymmetries and leverage effects in the conditional 
correlation. Choe and Nam (2005) modified the DCC-MGARCH model 
by including a crisis dummy variable in the second stage correlation 
parameterization and then interacting it with for both the autoregressive 
(AR) and moving-average (MA) terms 口 and the null hypothesis of no 
contagion is tested with the zero restrictions of the parameters by the 
likelihood ratio test. 
2.3 Studies of Correlation Asymmetry 
The substantial difference in correlation between asset returns in 
bear and bull markets is often studied by the economists. Correlation of 
negative asset returns is generally higher than that of usual or positive 
17 The authors use the terms 'smoothing crisis dummy parameter' and 'news impact crisis parameter' 
to describe the AR and MA terms with crisis dummy. 
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returns and this phenomenon implies that correlation structure is 
asymmetric. Patel and Sarkar (1998) provide a good description about 
this phenomenon that, "...when you need diversification, you don't have 
it, and you get it when you don't need it". Under the assumption of 
symmetric return distributions, there is no statistical reason why 
correlation from returns above the mean is different from that from the 
returns below the mean. In the literature, there are several usual 
approaches that can effectively differentiate between asset return 
co-movements in different or segmented market conditions. 
2.3.1 Semi-correlation Analysis 
The first approach is known as semi-correlation estimation. The 
semi-correlation statistic is first proposed by Erb, Harvey, and Viskanta 
(1994) to measure differences in the cross-country linkage between equity 
index returns during simultaneous up moves or simultaneous down 
moves. For each pair of assets, an observation is classified in an "up-up" 
state if both market returns are above average (i.e. first quadrant of 
returns), while a "down-down" state is defined as an observation which 
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both returns are less than average (i.e. the third quadrant of r e tu rns ) . 
With correlation coefficients calculated separately for different return 
environments, we can make a comparison of them. This approach has 
18 Some researchers may also consider the 'mixed' state, i.e. one return is above average while 
another one is below average (i.e. the second and the fourth quadrant of returns). 
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been adopted by other researchers including Drobetz and Zimmermann 
(2000), Pfiffner (2002) and Gabbi (2005)^^ in their analyses of correlation 
structure of international financial market. By comparing the 
unconditional correlation between bear and bull markets, most of the 
findings reveal that the "down-down" correlations are substantially higher 
than the "up-up" correlations. Gabbi (2005) summarized three possible 
benefits of this way to calculate correlation. First, we can "estimate a less 
volatile index of correlation, so to ease the forecasting process". Second, 
it is coherent “with frameworks incorporating downside risk as measure 
of risk" (Bramante and Gabbi (2001)). Third, the portfolios constructed 
by semi-correlation could outperform those allocated with the usual 
correlation index (Harlow and Rao (1989); Harlow (1991)). 
2.3.2 Extreme Value Theory 
The second approach is the one proposed by Longin and Solnik 
(2001) that testing for correlation at the tails of distribution, i.e. only at 
the bottom and top percentiles of realized returns. They suggest there 
should be a link between the issue of correlation asymmetry and the 
magnitude of the return. Using "extreme value theory" to model the 
bivariate distribution tails, they find that the correlations of return 
exceedances between stock markets are significantly higher during 
19 Gabbi (2005) includes time-varying properties in calculating semi-correlations. 
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financial stress with the use of monthly index return data of the U.S., the 
U.K., France, Germany and Japan from January 1959 to December 1996. 
Technically speaking, the correlation tends to increase at negative return 
exceedances with lower thresholds while correlation tends to decrease 
with the level of threshold at positive return exceedances. Also, they find 
evidence of an increase of international equity market correlations over 
the period of 38 years. 
2.3.3 Regression Approach 
The third one is the regression approach used by Demirer and Lien 
(2004). After calculating the correlations for each month with daily 
stock returns, they then regress the correlations on two sets of dummy 
variables, which represent the lower and upper tail of the aggregate 
on , 
market return distribution . The asymmetric structure of correlations is 
determined by the statistical significance of the two estimated 
coefficients. 
2.3.4 Others 
For the real estate related studies, correlation asymmetry is not 
studied in either ways. Instead, traditional sample-splitting is applied to 
the data, based on an observed variable. Lu and Mei (1999) considered 
20 Demirer and Lien (2004) use 1% and 5% criteria to restrict the two dummy variables. 
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the quarterly return correlations between property shares (represented by 
property indices) in emerging markets and the US NAREIT index from 
1994 to 1998. They found that seven out of ten countries being 
considered, the correlations with the NAREIT were higher in the worse 
performing quarters (for instance during the Asian Financial Crisis) than 
in the better performing quarters. However, the found correlation 
asymmetry is based on (or conditional on) the U.S. market only. 
Buetow and Johnson (2001) investigated the monetary policy 
implication on investors' decision on real estate asset allocation. They 
considered the monthly return correlations between four REIT indices, 
S&P 500，ninety-day Treasury Bill and Long-Term Treasury Bond 
Indexes, from January 1973 to December 2000. They found that the 
return correlations during restricted monetary policy periods are higher 
than that during expansive environment. 
From the standpoint of ease of estimation, splitting the sample 
according to some variables is a preferable approach to examine 
correlation asymmetry. However, the major problem of the approach 
which grouping the observations into "up-up" and "down-down" states 
is that it does not particularly focus on extreme returns. Looking only at 
the bottom and top percentiles of realized returns by further filtering the 
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sample with certain threshold levels or using extreme value theory 
would probably be more appropriate if the researchers want to take the 
return volatility into account. Finally, the regression approach is only 




This section describes the data source, housing price variable and 
trading volume variable used in the proposed research. 
3.1 Economic Property Research Center (EPRC) Dataset 
The Hong Kong residential housing data we are going to employ are 
provided by the Economic Property Research Center (EPRC), a 
subsidiary of the Hong Kong Economics Times. The data files of EPRC 
are originally purchased from the Land Registry Department of the Hong 
Kong Government. The data set contains several kinds of information. 
The building name, the address, the completion date, the transaction date, 
the transaction price, corresponding gross feet, and the construction area 
are all provided. The sample period for our analysis starts from January 
1992 and ends with December 2004. This research focuses on the 
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thirty-six large private residential estates (or complexes)，which are 
most frequently traded in the EPRC dataset and they are listed in Table 1 
with also reporting the respective final completion date, the number of 
housing units the number of buildings. Transaction records are grouped 
21 In Hong Kong, there are some private apartment units subsidized by the government (e.g. Home 
Ownership Scheme) and their transfers are restricted by a number of government regulations. The 
transactions in these estates are not included from this study. 
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in the monthly base to compile the price index, which is an average 
value after hedonic adjustments of quality variations across housing 
units within each estate. In this research, only the data of the Agreement 
for Sales and Purchase (ASP) contract is used. The reason is that in the 
process of housing transaction, several contracts will be signed. The 
other Contracts, such as Provisional Agreement for Sales and Purchase 
(P-ASP) and Assignment (ASSGT), are also included in the EPRC data. 
However, not all contracts are necessarily referring to a transaction in 
Hong Kong and only the ASP contract must be signed in each 
transaction. Thus, the double counting problem can be avoided without 
missing any transactions included in the database by focusing on the 
ASP contract. 
(Table 1 on the list of housing estates about here) 
The residential estates in the sample are selected by the criteria on 
the availability. Some records in the EPRC dataset do not provide the 
information about the construction area and the transaction price. Only 
those estates that free from this problem will be included in this research. 
Also as we want to conduct the analysis with a balanced panel, most 
frequently traded list is subject to the restriction that the selected estates 
must have transaction records as early as January 1992. In this study, the 
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representative estates are intentionally selected with a wide range of 
quality because we hope to track the asymmetric response to a shock 
between different quality groups of estates. 
Our housing data set is sub-divided into 156 sub-periods on a 
monthly basis. The choice of monthly frequency for our study has clear 
justifications. To search for the timing of sudden change of correlation 
structure, a high-frequency data is desirable. In other words, some 
information may be lost in the time aggregation when we use a lower 
frequency data. In addition, computing a quarterly price index will make 
the time series too short for rolling window estimation. On the other 
hand, to compute a meaningful transaction-based price index for each 
estate, it is necessary for the number of transactions in each sub-period 
to be "large enough", and thus, using monthly data is the most 
appropriate choice. 
We will have two sets of data for analysis of correlation structure of 
residential estates. The first one is the full sample that contains 200000 
transactions in 13 years. This includes both the primary and secondary 
sales because some of the selected estates have several phases of 
development, which their completion date varies a lot. The second one is 
the restricted sample that retaining those estates completed before 1992 
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Ml. Ten of thirty six estates are eliminated to form the restricted sample. 
There are two reasons for the formation of this restricted sample. First 
we can check for the robustness of result with only secondary 
transactions. Second, we will be able to precisely conduct the analysis of 
trading volume correlation among the residential estates as we will be 
free from the problem of sudden increase in number of transactions 
when the property developers start their sales activities. Third, studying 
the trading volume correlation would probably provide a similar 
empirical finding as studying return correlation if the argument that 
trading volume moves in line with property prices is true. This practice 
may be regarded as a special kind of robustness check. 
3.2 Measurement of Housing Price 
The major obstacle to measure an accurate housing price is the 
intrinsic heterogeneity of housing units. The composition of the 
properties being traded in an estate may change over the business cycle 
(such as large area versus small area). To control for this heterogeneity, 
this study adopted a commonly used approach, namely, the hedonic 
pricing regression and there is already a large amount of literature on 
this approach applied to housing. This paper, however, differentiates 
itself from the previous research of Hong Kong residential property 
22 See Malpezzi (2002) for an extensive literature review. 
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market, by imposing a "dynamic setting" and replacing some of the 
usual variables in the regression model . 
Specifically, for each month, a semi-log cross-sectional hedonic 
pricing equation to be estimated is in the following form: 
l n P = j 8 � + P i S + fiJD + e 
where P represents property prices, S represents structural traits 
(including the floor level, construction area of the apartment unit, the 
age of the building�* and a dummy variable of lucky floor numbers), D 
represents a set of dummies (each one belongs to one estate) , S 
represents the error term in regression, and IS i, I = 0,1,2, are the vector 
of coefficients obtained in each period t. 
Raw prices, rather than per-square-feet price is used for the 
estimation of hedonic pricing model. It is because this practice generally 
provides a better fit of the data. As the parameters of the cross-sectional 
hedonic pricing model are not necessarily stable over time (in other 
words, the "implicit prices” of different housing attributes are 
time-varying), a regression has to be estimated independently for every 
23 See Leung, Leong and Wong (2006) for another hedonic regression with Hong Kong data. 
Squared and cubic terms of these three variables are also included in the equation, so to capture 
any non-linear effect. 
25 N -1 estate dummies will be included in the regression equation, where N is the number of estates 
that have transaction records in the period. 
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month and the constant-quality price for each estate has to be calculated 
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from a set of chosen values of independent variables . Details of index 
construction and a summary of variable definitions can be found in 
Appendix I. 
During the first two-thirds of 1990s, it was not uncommon for Hong 
Kong to experience double-digit annual inflation. However, Hong Kong 
later entered the deflationary environment for 68 consecutive months 
until the SAR government announced its end on August 24, 2004. Thus, 
housing prices used in this thesis will all be converted to real prices. It is 
also more compatible with economic theory, which typically focuses on 
real prices rather than on nominal prices. Empirically, the real price of 
each estate is defined as the nominal predicted price in the hedonic 
models, divided by the Consumer Price Index (A) (Year 1992=1). 
The ‘outlier，problem is critical in our study. There are quite a 
number of transactions that house prices that seems to be far away from 
expected, with respect to the recorded attributes of the housing units. 
However, casual exclusion of the potential outliers could be risky in 
creating biases in index construction, if we eliminate too many 
26 See Berg (2004) for more detail explanation. The set of the independent variables for price 
calculation is chosen according to the mean value of housing attributes of the transactions in January 
1992. 
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observations. Huge amount of effort has to be made to check or correct 
every suspicious case and to avoid incorrect exclusion and this will not 
be feasible when we handle a dateset with more than 200000 
observations. As a result, we decide to adopt a relatively operational 
approach, i.e. removing those transaction records with real 
per-square-feet price lower than $100 in the stage of estimating the 
hedonic pricing model. 
It is unavoidable that there are a number of months that do not have 
transaction. This is more likely to happen for luxurious housings as their 
market is relatively thin. Following the practice of past studies, the price 
of the zero-transaction month is set equal to the transaction price of 
previous month. This treatment is intuitive because the real rate of return 
is perceived to be zero when there is no transaction record during the 
month. 
As the residential property prices are non-stationary over time, the 
present study employs the (realized) rate of return, which is defined as 
the monthly percentage change of real price. This can sometimes be 
regarded as the detrended property price (See Leung, Lau and Leong 
(2002)). In addition, this practice can also help to eliminate the possible 
scale effect. 
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3.3 Measurement of Trading Volume 
The trading volume variable is much simpler. It is simply a count of 
the total number of housing units being transacted for each estate in each 
month. Alternative measures of trading volume such as total area traded 
or total dollar amount of transactions are not considered because they 
may not be good indicators of the market activeness. In order to 
maintain consistency of the dataset, records that are excluded because of 
missing information about the attributes will not be counted. As the 
trading volume series are non-stationary over time, the present study will 
take first difference of the variables, so as to avoid the problem of 
spurious correlation^^. 
27 Spurious regression refers to the situation that a strong correlation between two variables is merely 




This section explains the empirical tools used in the study. Although 
there are a vast amount of methods concerning correlation in the 
international finance literature as discussed in the previous subsection, 
not every one is suitable for our research. One point we have to 
emphasize is that we are not exactly dealing with "contagion" in a local 
residential property market as this may not fit the common 
understanding about what "contagion" is (e.g. directionality is not an 
issue for our investigation). We just borrow some of the methodologies 
to study the time-varying correlation structure. 
We will not select the sample splitting approach because we do not 
have enough observations for the crisis period that we are interested. 
Dungey and Zhumabekova (2001) have already demonstrated the 
problem of choosing a short crisis period as there will be severe power 
problems for the correlation tests. This also explains why the two 
standard tests of inter-temporal stability, the Jennrich (1970) and Box 
(1949) statistics, are unsuitable in the contagion literature as crisis period 
usually only involves a few observations. Also these two statistics will 
not enable us to determine whether the correlations have increased or not 
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during a specified horizon. Engle's DCC model is superior to the 
traditional methods in solving the problem of changing volatility but 
unfortunately it is also ruled out because the estimation procedure is 
almost unfeasible when we handle a large number of variables (number 
of estates being considered is as large as 36). Therefore, the approach 
estimating correlation coefficients with "moving window" will be 
chosen as the tools of this research . Starting with the first two years, 
two-year correlation coefficients are computed by rolling the sample 
period ahead one month at a time. Specifically, the latest monthly 
observation is added while the earliest observation is deleted. 
Correlation coefficients are then computed for each pair of estates for 
each backward-looking window. By incorporating the latest rate of 
return or detrended trading volume, the correlation coefficients will 
reflect the changes of the most recent market information . 
The purpose of selecting a shorter window (with 24 observations) is 
that the correlation estimate will be more readily affected by abnormal 
events, or demand shocks we are interested, with the time frame, while 
avoiding the problems of having a too smooth coefficient if too many 
observations are applied in the rolling estimation. Also, the length of 
28 "Rolling regression" has long been used extensively in the economics literature. Among others, see 
Thoma (1994), Foster and Nelson (1996) for some early applications. 
29 Another formulation is a centered rolling window. This method is not chosen because the 
interpretation of comparison between correlation at time t and t+1 will become less straightforward. 
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window is limited by the length of data series. 
As we have 36 (26) individual series in our full sample {restricted 
sample), the simple inspection of a sequence of 36 by 36 (26 by 26) 
correlation matrices (altogether 630 (325) elements) over time is 
unlikely to provide a clear indication of changing degree of 
co-movements among the assets. It is necessary for us to make a number 
of simplifications to facilitate the analysis. Firstly, following the strategy 
of Eichholtz et al (1995) and Lee (1998), we are going to count the 
number of correlation coefficients that are (1) positive, (2) negative, (3) 
significantly positive and (4) significantly negative〗。，for each window 
we estimate and then we present and analyze the results with graphs. 
Secondly, we calculate the mean, standard deviation and skewness of all 
estimated pairwise correlation coefficients. The time plots of these 
estimated series will be used for analysis. 
Studying the behavior of standard deviation and skewness is 
motivated by the “composition effect" during a shock to the market. The 
first moment can only help to detect the average co-movement of estate 
pairs. Standard deviation and skewness can help to provide richer 
In their papers, the correlations that are insignificantly different from one will also be counted. 
This count is approximately the same as that for significantly positive correlations because the 95% 
confidence interval of correlation coefficient is wide when we only utilize 24 observations for 
computation. To simplify our analysis, this count will not be included. 
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information for how the elements in the correlation matrices behave over 
time. A hypothetical illustration of “composition effect" is given in 
Appendix II. 
As a supplement, the asymmetry of correlation will also be analyzed. 
Instead of using a heuristic approach to define a crisis, we try to identify 
the market regimes by strictly quantitative criteria. We will separately 
estimate the unconditional correlation coefficients in two different return 
environments (up-up and down-down markets), which allow us to detect 
whether the degree of interdependence rises or falls in poor performing 
period. Following the general estimation strategy (see Drobetz and 
Zimmermann (2000)), for a specific pair of residential estates, a month 
is classified as an "up-up" state if both estate returns are above their own 
average (positive semi-correlation), while a "down-down" state is 
defined as a month where both returns are less than their own average 
(negative semi-correlation). Correlations are separately estimated for the 
two regimes. In this thesis, we will not pay additional attention to the 
behavior of correlation of extreme returns because of the characteristics 
of the data series we are employing (this issue will be discussed in 
Chapter 5 in details). 
The mathematical expressions of (1) rolling window correlations 
4 1 
and (2) semi-correlation will be included in Appendix III. 
In addition, as we are also interested in the linkage between 
correlation structure in return and correlation structure in trading volume, 
we will produce a scatter plot of VOL correlation versus ROR 
correlation of each pair estate i and j as a diagnostic tool for examination 
of the possible association. Analyses will be made for whole sample 




The empirical results are presented in the following order. The 
overview for the dataset with the return and trading volume variables 
will be presented first. Then the rolling window technique will be used 
to compute the correlation coefficients for both ROR and VOL and it is 
followed by several ways to analyze the results. Thirdly, 
semi-correlation estimation will be employed to examine whether there 
is any difference in return correlation in the two market regimes. Finally, 
we check for the possibility whether a high correlation in rate of return 
implies a high correlation in trading volume. 
5.1 Overview for the Dataset 
In this section we will have the overview for the dataset. 
It should be noticed that the mean of R-squared of hedonic pricing 
model is high (see Figure On average, this simple semi-log hedonic 
price equation explains about 91.7 % of the housing price variations 
from 1992 Ml to 2004 M4. This confirms that the simple structure we 
employed is capable to explain the variations of the housing prices of 
different housing units. As seen in Figure 2, it is interesting that there is 
The parameter estimates of the hedonic pricing models are not reported as it is not the primary 
interest of this research. 
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a level drop for the goodness of fit (for both the R-squared and Adjusted 
R-squared) of this model in the later part of sampling period (after the 
mid-1999). A possible reason is that, the transaction volume dropped and 
the number of "off-market" transaction (outliers) increased after the 
Asian Financial Crisis . The increased proportion of "off-market" 
transactions worsens the performance of the hedonic pricing model. The 
effects of floor levels, flat sizes and building age are difficult to interpret 
as their squared and cubic terms are included in the hedonic equation. 
On the other hand, dummy for "Lucky Number" are usually insignificant, 
meaning that the house owners in Hong Kong might not be as 
superstitious as some previous researchers claim. 
(Figure 2 about here) 
Table 2 provides the summary statistics for the monthly real rate of 
return for the 36 estates in the sample. In particular, we report the sample 
means, medians, standard deviations, maximums and minimums. The 
standard deviation of real rate of return of housing is large. As we can 
see from Table 1，the maximum monthly return for some estates is 
unexpectedly high while the minimum is unexpectedly low. This can 
32 Abstracting from the activities in Hong Kong residential property market, those outliers may be 
associated with (1) transfers among family members or couples and (2) financial arrangement after 
divorce. 
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be regarded as the necessary evil of a transaction-based index 
(containing many noisy signals) in comparing with an appraisal-based 
oo 
index . This finding is consistent with the argument that outliers have a 
certain level of influence on housing price in a monthly base. 
(Table 2 about here) 
The summary statistics for the monthly trading volume and 
detrended trading volume for the 36 estates in the sample are given in 
Table 3a and 3b (number of zero transaction months is included in Table 
3 a). An occasionally large number indicates there are probably primary 
sales for that estate in that month. As a result, we have to remove those 
estates involving primary sales to have an accurate measure of trading 
volume correlation. 
(Table 3a and 3b about here) 
5.2 Rolling Window Estimation 
5.2.1 Count of Correlation Coefficients in Each Window 
33 During the process of constructing an appraisal-based index, people will use a weighted average of 
the contemporaneous information and historical appraisals. However, this strategy will lead to the 
problem of "appraisal smoothing". The appraisal-based return series would probably have a smaller 
volatility or cycle amplitude in comparison with transaction-based returns. 
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Figure 3 shows the percentage of positive correlations, negative 
correlations, significantly positive correlations and significantly negative 
correlations in each estimated window over time in the full sample. As 
seen in Figure 3，the number of positive correlations is very large and 
not less than 64% of the total, which indicates the estates in the sample 
in general move in the same direction. From the graph, it is obvious that 
there is a structural break as the percentage of positive correlations drops 
quickly since the 1999 M I L A structural change in the series means that 
there is a substantial difference in correlation structure between that 
month and 24 months ago. It is because 23 out of 24 observations are the 
same across two consecutive windows. The structural change in 
correlation structure is more apparent when we consider the time plot of 
the percentage of significantly positive correlations. Its drop comes 
earlier at 1998 M6 and the extent of decrease is much larger. The 
percentage of significantly positive correlations drops from around 90% 
in 1998 to just 10% in 2003. As seen in Figure 2, although the 
percentage of negative correlations increases up to more than 20% after 
2000 M i l , we find that almost none of the negative correlations are 
significantly different from zero in the sampling period. It is not greater 
than 3% of the total. In general, the count of correlations seems to be 
determined by the overall trend of the residential property market, rather 
than the single events we specify in the introduction. 
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(Figure 3 about here) 
Figure 4 shows the same set of count of correlation for detrended 
trading volume in the full sample. The number of positive correlations 
continues to be very large and not fewer than 67% of the total. The 
corresponding percentage gradually decreases starting from 1999 M5. 
The time plot of the percentage of significantly positive correlations still 
reveals the possibility of occurrence of a structural change in the 
residential property market after the Asian Financial Crisis. The count 
seems to be extremely sensitive to the Asian Financial Crisis. As soon as 
1998 falls into the calculation period, it increases dramatically and 
persists at these high levels until the mid-1999. It drops sharply for about 
30% in a single month. On the other hand, although the percentage of 
negative correlations has increased up to 32% around the outbreak of 
SARS, we find that most of the negative correlations are still not 
significantly different from zero in the sampling period. 
(Figure 4 about here) 
5.2.2 The Summary Statistics of Correlation Coefficients 
Figures 5a to 5c show the mean, standard deviation and skewness of 
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real housing price correlations overtime. For an effective analysis, the 
sample real housing price 34 is also included in the graphs. The 
observations in the last sub-section are confirmed in the time plot of 
average value of all pairwise correlations. Without any formal test, 
simple examination of the large fluctuations in the correlation structure 
among different estates, with the estimation window is rolled through the 
series, already demonstrates that correlation structure is temporally 
unstable. However, this is not much evidence from the time plot of mean 
correlation that saying the residential property market exhibit any trend 
of integration or segmentation in the past years. As discussed in the 
introduction, in the study of international equity market linkage, 
globalization is always quoted as the reason of increasing degree of 
interdependence. It is reasonable to borrow the idea from these 
finance-related studies in examining the correlation structure of 
residential property market in a regional level. The continual process of 
sub-urbanization and improvement of transportation network (people are 
more willing to live away from the city center) should contribute to an 
increase in correlation across estates in different districts and so the 
market correlation. It seems that the above hypothesis is not supported 
34 Sample real housing price is calculated from a weighted average of per-square-feet real housing 
price of all sample estates, where the weight is set to be the ratio of transacted area of a specific estate 
throughout the sample period to total transacted area for all sample estates. This price series has a 
high correlation (0.99) with the government released data (monthly data is not available before 
January 1993, which confirms the representativeness of our dataset. 
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by Hong Kong data. Another possible reason is that the length of time 
series is too short to see a long-run integration of property market. 
(Figures 5a, 5b and 5c about here) 
The mean correlation moves along an upward path with a 
well-developed ‘speculation-price escalation spiral，in the pre-handover 
era (Li, 2000). The trend does not stop immediately until the series 
reaches its peak at 1998 M6, which covers the period from 1996 M7 to 
1998 M6. This window covers the last horizon before the burst of asset 
bubble and the early horizon for the slump of property prices (in order 
words, the mid-point of the window is exactly the time for maximum 
housing price at 1997 July handover). The mean correlation kept on 
decreasing after reaching the peak at 1998 M6. Further analysis may be 
needed to investigate whether the residential property market has entered 
a different regime. 
The estimated mean correlations reach its lowest point at 2003 M4. 
The corresponding window covers the period from 2001 M5 to 2003 M4. 
The property market performance was diversified after the tech 
meltdown in the financial market in 2000 with the partially recovered 
Hong Kong economy. The short-term shock of SARS epidemic in April 
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2003 is more likely to generate an asymmetric response, although it is 
not yet the worst scenario in the sample period. Later, a number of 
supportive measures (e.g. Individual Visit Scheme, the signing of Closer 
Economic Partnership Arrangement (CEPA)) were introduced by the 
Chinese central authority and this gave Hong Kong economy a chance to 
have a quick recovery. A significant rebound is found for those luxurious 
housings. However, the extent of increase from the trough (at June 2003) 
for the rest of the residential properties is relatively smaller. This is 
probably the reason for the estimated mean correlation remains low after 
mid-2003. 
The time plot of standard deviation is similar to a mirror image of 
the time plot of mean correlation (their correlation is -0.349). It provides 
evidence that the mean correlation and the standard deviation are 
negatively related. This idea can be explained easily if we consider there 
are two different factors in determining the price of residential estates, a 
market-wide factor (e.g. the performance of the macroeconomy, 
institutional change) and an estate-specific factor (e.g. demand for some 
special housing attributes or intrinsic characteristics, income level of 
potential buyers). This specification looks like a latent factor model of 
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asset returns that are commonly found in financial literature ^^. 
Specifically, market-wide factors are representing non-diversifiable risk 
while idiosyncratic factors are representing diversifiable risk. Back to 
our case study on Hong Kong residential property market, when the 
market-wide factor dominates the estate-specific factor, we are more 
likely to observe the housing price of estates co-move together and so an 
increase in the mean correlation and a decrease in standard deviation. In 
contrast, when the estate-specific factor dominates the market-wide 
factor, we are more likely to observe in general a lower degree of 
co-movement among the housing price of estates. The dispersion of 
pairwise correlation coefficients will also increase. However there is still 
a puzzle when we compare the moment information between pre-crisis 
period (i.e. 1995-1997) and the period that the crisis has already faded 
out (i.e. after 2000). Pre-crisis period has both a higher average and 
standard deviation than the time after 2000. This finding is not consistent 
with the arguments above. 
The time plot of skewness reflects that there may be a structural 
change in the distribution of correlation coefficients. Although the 
distribution of correlations is generally skewed toward low values (or 
See Sharpe (1964) and Solnik (1974) and some other recent developments on the Capital Asset 
Pricing Model (CAPM) and Arbitrage Pricing Theory (AFT) or the applications of these models in 
contagion studies. 
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called skewed to the left), it becomes approximately symmetric starting 
from the second half of 2000. The interpretation is simple if we 
understand the properties of correlation coefficient and the measure of 
skewness. Skewed distributions often occur due to presence of lower or 
upper bounds on the variables. Correlation coefficient is exactly a 
bounded measurement that valued from -1 to 1. When the residential 
property market is more inter-dependent (or inter-related), it implies that 
the correlations will generally be closer to the upper bound (i.e. 1). This 
situation will make the distribution skewed left. On the other hand, when 
the residential property market is less inter-dependent (or inter-related), 
the correlations will generally be far away from the upper bound and so 
increase the degree of "mirror-imaging" of the distribution. 
Figures 6a to 6c show the mean, standard deviation and skewness of 
detrended trading volume in the full sample. In order to have an effective 
analysis, the 25-month sample rolling total trading volume is also 
included in the graphs^^. Several interesting features emerge from these 
figures, which are not appeared in the counterpart for real rate of return. 
The mean correlation does not show that there is an increasing degree of 
synchronization of trading volume of different estates. The mean 
36 Instead of plotting the series of monthly trading volume which is quite erratic throughout the 
sample period, we plot the 25-month sample rolling total trading volume. A 25-month rolling total is 
selected to keep the consistency of information set that used to compute rolling correlations of 
detrended volume. 
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correlation reaches its peak at 1999 M2 (two years after the time of peak 
in transaction activities), which the timing is later than the counterpart in 
full sample ROR correlation. In general, due to the equal weighting of 
the return (or detrended trading volume) observations in the formula in 
computing the correlation coefficient, the estimates should adjust rather 
slowly to new information. However, when there exits jumps in the 
correlation estimates, it must be a substantial difference between 
observation fall out of and enter the window (e.g. one unusually small 
and one unusually large return (or detrended volume) observations. 
Furthermore, as we are dealing with the mean series that averaging 630 
observation points, the observed jump in correlation should involve a 
large number of estates, rather than a single event involving limited 
number of estates. The series hits its lowest point at 2003 M4. The 
distribution of all pairwise correlations is most compact at 1999 M5 with 
the standard deviation hits its lowest point. The compactness of 
distribution disappears quickly afterwards. Also, we can observe there is 
a tendency of increasing degree of "mirror-imaging" of the distribution 
after the market crash in early 1998. 
(Figures 6a, 6b and 6c about here) 
5.2.3 Correlation Distribution in Two Selected Windows 
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Figure 7 shows the frequency distribution of all pairwise correlations 
for full sample ROR in two selected windows, i.e. the highest mean 
correlation (i.e. 1996 M7 to 1998 M6) and the lowest mean correlation 
(i.e. 2001 M5 to 2003 M4). "Frequency" (or absolute frequency) in the 
vertical axis indicates the number of estate pairs while "Interval" in the 
horizontal axis assigns the correlation coefficients within the whole 
range of-1 .00 to 1.00. 
(Figure 7 about here) 
The first selected window approximately captures the information of 
property market around the burst of bubble shortly after the handover. In 
the horizon of accelerating property price, the market-wide factor 
(favorable environment for speculative activities) will drive the values of 
housing units in different estates in the same direction. Later the Asian 
Financial Crisis began in Thailand in July 2，1997 with the collapse of 
Thai baht. During the subsequent months, international speculators 
attacked the Hong Kong Dollar, which was pegged at 7.8 to the US 
dollar. The reaction of the government and monetary authority lifted up 
overnight interest rates by 300% on 23 October 1997, which resulted in 
a sharp slump in the equity markets and the economy. On the other hand, 
the '85,000' policy was announced by Mr. Tung Chee Hwa, the former 
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Chief Executive, in his first Policy Address on October 8, 1997, to 
provide affordable housing for the general public and to achieve a 70% 
homeownership rate. Both of the events provided a market-wide adverse 
effect on the asset values. With these facts, the distribution of correlation 
coefficients is straightforward to be comprehended. When the property 
prices are jointly up or jointly down, the correlation of either estate pair 
will be more likely to increase. The market average will be higher than 
normal period. Also, the distribution of correlation coefficients will 
exhibit a more compact structure than usual condition. In addition, as 
most of the pairwise correlation coefficients tend to the value of +1，the 
distribution becomes more negatively skewed. 
The second selected window approximately captures the 
information of property market around the outbreak of SARS. As we can 
observe from Figure 7, the distribution of correlation coefficients shows 
a lower average value, a larger standard deviation and an approximately 
symmetric shape. These suggest some of estate pairs are highly 
correlated while some of them are weakly or even negatively correlated. 
There are a number of justifications for why the estates response 
differently to the shock during the outbreak of SARS. First, SARS has 
only a weak influence on the market-wide factor of property price 
determination. The estate-specific characteristics are still the dominant 
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factor and so we cannot observe a shoot-up of market correlation. This 
argument seems to be acceptable as we find overreaction for just some 
estate prices in this particular incident. Second, SARS is not a 
market-wide shock but an estate-specific shock. This can be easily 
understood as the outbreak and spread of the virus is concentrated in a 
small number of estates in the territory (e.g. Amoy Garden, Telford 
Garden and Laguna City) . This observation can be borrowed to explain 
the correlation structure of Hong Kong residential property around early 
2003. Third, there is a sudden drop in transaction volume during April 
2003 and so we will not be able to detect the price drops for some 'thin' 
estates. 
The same analysis is repeated for full sample VOL. Figure 8 show 
the frequency distribution of correlations in the windows of highest 
mean correlation (i.e. 1997 M3 to 1999 M2) and lowest mean correlation 
(i.e. 2001 M5 to 2003 M4). The pattern is more or less the same as ROR, 
except for a flatter distribution during the least correlated period. 
(Figure 8 about here) 
321 people in Amoy Garden are infected by the SARS virus. In order to prevent the spread of viral 
pneumonia, all residents in Block E were moved by the HK government to a quarantine camp for ten 
days from 31 March 2003 to 9 April 2003. 
5 6 
From the two sets of histograms, we are able to conclude that there 
is a coincidence of high average value, low standard deviation and high 
negative skewness in the correlation structure of residential property 
market, for both real rate of return and detrended trading volume. 
5.2.4 Discussion and Some Further Evidence 
In the past paragraphs, we have offered a number of behavioral 
explanations (or intuitions) of the time-varying structure of the counts 
and moments of correlation coefficients among residential estates in 
Hong Kong. Here we provide a more formal interpretation on the ROR 
correlation structure^^. 
As mentioned in the section of literature review, correlation 
coefficient may be conditional on volatility. Campbell, Lettau, Malkiel, 
and Xu (2001) (hereafter CLMX) have noticed that a higher average 
idiosyncratic risk together with unchanged level of market risk (in other 
words, increase in the ratio of average firm-level variance to market 
variance) implies a decrease in the mean correlation amongst the 
portfolio's assets. In their paper, they proposed a variance decomposition 
method to identify the evolution of two components of aggregate return 
volatility, namely market-wide (or simply market) volatility and 
38 The VOL correlation is not discussed in this section because the "fundamental" factor model is 
unsuitable to be borrowed to study the correlation between detrended trading volume. 
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idiosyncratic (estate-specific) volatility. The superiority of this method is 
that it does not require the researchers to estimate the betas (or 
covariances) for individual assets (by assuming a simplest form of 
CAPM model) ^^  and highly parameterized time-varying volatility 
models (by simply summarizing historical movements in market-wide 
and idiosyncratic variances). Details of CLMX "model-free" return 
decomposition can be found in Appendix IV^o. 
In Figure 9，we plot the time series of 24-month rolling window 
aggregate market variance (MKT), average estate-level variance (IDIO), 
and total variance (VAR)4i for the equally-weighted case. Both the 
estate-level and the total variances start off relatively low and tend to 
rise towards the end of the period after the 1997 handover and the 
tendencies are equally pronounced for two series. In this respect, our 
property market data appears to behave similarly to the study of CMLX 
(2001) which is aware of the fact that average idiosyncratic (estate-level) 
variance is usually higher then aggregate market variance (i.e. 81% of 
total observations (months) in the sample period). On the other hand, the 
time series for market variance looks like an inverted-V shaped which 
39 This is an important innovation that we do not have to estimate possibly time-varying betas for 
each asset, which may create other problems. 
40 We have made some minor modifications that make il applicable in our study lor 卜iong Kong 
rcsideniial properly market. 
41 All variance measures are annualized by multiplying by a factor of 12. 
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the peak locates approximately at one year after the outbreak of Asian 
Financial Crisis. 
(Figure 9 about here) 
Figure 10 displays the relationship between correlation and volatility 
components by plotting the ratio of IDIO to VAR, together with the 
mean correlation among the estate returns 42. It is noticeable that, 
consistent with the findings for financial market study, the mean 
correlation almost perfectly behaves like a mirror image of the ratio of 
the average estate-level variance to the average total variance (the two 
series are 99% negatively correlated). This confirms some previous 
observations in the financial market that "mean correlation is the 
mechanism that divides average total risk into aggregate estate-level 
volatility and market volatility，，(Kearney and Poti，2004). Figures 11 
and 12 cast further light on the relationship between the higher moments 
of all pairwise correlation (i.e. standard deviation and skewness) and the 
ratio of IDIO to VAR. Standard deviation looks like a close analogy to 
VAR until the end of 2000, however, the two time series seem to be 
diverging afterwards (see Figure 11). On the other hand, the skewness 
measure of correlation coefficients moves closely with IDIO/VAR 
42 Similar exercises for the financial market date can be found in the papers including Kearney and 
Poll, (2()()4, 2006). 
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throughout the sample period (see Figure 12). 
(Figures 10, 11 and 12 about here) 
We additionally analyze the idiosyncratic component in the two 
selected market environments. In the post-Asian Financial Crisis period, 
IDIO/VAR reaches its lowest point in the sample period (0.328 at 1998 
M6). This provides evidence that a market-wide factor dominates 
estate-specific factors when there is a severe external shock to the 
property market. A high average value, a low standard deviation and a 
negative skewness measure are then resulted in the correlation structure 
of residential property market. On the other hand, idiosyncratic volatility 
represents the largest component of total volatility during the outbreak of 
SARS for which IDIO/VAR persists at a high level (around 0.93). This 
provides evidence that the estate-specific factor is dominant when the 
epidemic was affecting the property market. This will constitute a low 
average value, a high standard deviation and zero skewness measure in 
the correlation structure. 
5.2.5 Within-group and Inter-group Correlations 
A source of misleading inference of the above analysis of correlation 
coefficients is the ecological fallacy. It occurs when the summary 
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statistics based on all data are incorrectly assumed to hold for the 
possible sub-groups. It is therefore logical to study the performance for 
within-group and inter-group correlations and this practice is not 
uncommon in the literature. For instance, Graff and Young (1996) study 
the U.S. real estate correlation structure across property type (including 
office, retail, warehouse and R & D ) and geographical regions (based on 
Metropolitan Statistical Area) in a static view. Here we will explore the 
possibility of geographical segmentation in a dynamic view. There are 3 
regions in Hong Kong, namely the Hong Kong Island (HK), Kowloon 
Peninsula (KLN), and the New Territories (NT). In Figures 13 and 14, 
we plot the average rolling-window within-group and inter-group 
correlations, including HK vs. HK, KLN vs. KLN, NT vs. NT, HK vs. 
KLN, HK vs. NT and KLN vs. NT, for the full sample ROR and full 
sample VOL. 
(Figures 13 and 14 about here) 
For the full sample ROR, the estimates reveal that within-group 
correlation is not necessarily higher than inter-group correlation in all 
phases of property market cycle. For example, the average of 
correlations among the residential estates in the New Territories is 
always the lowest between 1996 M3 and 1997 M2. On the hand, the 
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average of correlation among the estates in Hong Kong Island is always 
the lowest between 1997 MIO and 2001 M3. The maximum-minimum 
difference is relatively large (i.e. >0.25) in early 1994. In general, the six 
time plots yield very similar result as the pooled estimate. 
For the full sample VOL, the estimates also show that within-group 
pairs are not essentially more inter-correlated than inter-group pairs in 
every phase of property market cycle. An interesting finding is that there 
is a substantial difference between the average of correlation among the 
estates in HK and that among the estates in KLN before the Asian 
Financial Crisis. Generally, the six time plots of correlation demonstrate 
similar characteristics as the pooled estimate, although we find a larger 
variation in correlation for different groups in comparing with the 
counterpart for ROR. 
5.3 Correlation Asymmetry 
Figure 15 reports the histogram of up-up and down-down 
semi-correlations, constructed with the semi-correlation technique, of 
full sample ROR from January 1992 to December 2004. Table 4 reports 
the mean, median, standard deviation and skewness of correlation 
coefficients, the number and percentage of positive correlation in each 
regime, and the average difference in correlations between two regimes 
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for all pairs of residential estates. 
(Figure 15 and Table 4 about here) 
From the inspection of the histogram, the distribution of correlations 
in down market is in the right hand side of that in up market. The 
compactness of frequency distribution does not show much difference. 
From the table of summary statistics, it is apparent that the down-down 
correlations are slightly higher than the up-up correlations. In comparing 
with the analyses in international stock or securitized property asset 
market, the finding here is not very significant. The average of the 
down-down correlations is 0.2406，while the mean of the up-up 
correlation is 0.1892. The table also shows that the median of the 
down-down correlations (0.1812) is higher than that of the down-down 
correlations (0.2510). However, the observation of a higher downside 
correlation does not hold for all the estate pairs analyzed in the sample. 
Only 60.95% of all pairs of estates have a higher correlation coefficient 
in the down-down market. This implies that near half of the pairs 
experienced a weaker co-movement in the bear market. One point to 
note is that the findings here should be interpreted cautiously, without 
being mixed with the findings with selected windows. It is because the 
market regime identification solely depends on the return variables 
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themselves. Specifically, the observations in the third quadrant, which is 
used to calculate the downside correlation, may capture the price 
dynamics more than just in the slump of property price after the Asian 
Financial Crisis, such as the short-term adjustment around mid-1994. On 
the other hand, from the higher moments of the semi-correlation, we can 
conclude that the shape of distribution is approximately the same (small 
difference in both standard deviation and skewness, although the 
distribution change from slightly positively skewed in up state to slightly 
negatively skewed in down state). 
As the semi-correlation is a measure of interdependence that 
conditional on the variables themselves, the regimes (up-up, down-down 
and mixed) identified by different variables are not necessarily 
equivalent. In order to avoid confusion or misleading inference, it is 
justifiable not to repeat the analysis of semi-correlation for the trading 
volume. 
5.4 Does High Correlation in Rate of Return Imply High 
Correlation in Trading Volume? 
After separately investigating the correlation structure in return and 
correlation structure in trading volume, it is commonsensical to further 
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explore the link between the two measures. The intuition is that for a 
given pair of estates that are highly correlated in their rate of return, the 
corresponding correlation in their trading volume should also be high, 
with the fact that rate of return and trading volume are 
contemporaneously positively related. Figures 16, 17 and 18 report the 
scatter plot of VOL correlation (in vertical axis) versus ROR correlation 
(in horizontal axis) of each pair estate i and j, for the whole sample 
period (i.e. 1992 Ml to 2004 Ml2) and two selected windows as in the 
section 5.2.3 (according to ROR). We graphically determine whether 
there is an association between two variables with the/w// sample data. 
(Figures 16，17 and 18 about here) 
For the whole sample period, the plot hints that there may be a 
weakly positive association between the ROR correlation and VOL 
correlation, if we can ignore the small number of points clustering in 
lower right of the graph. A pair of estates which is highly correlated in 
price fluctuation would also probably be highly correlated in trading 
volume fluctuation. There is a maxim in statistics says that correlation 
does not imply causality. In other words, this scatter plot may only show 
that a relationship exists, but it does not and cannot prove that one 
correlation variable is causing the other. 
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For the window that covers the period from 1996 M7 to 1998 M6, 
the plot indicates there is a weakly positive association between the 
ROR correlations and VOL correlations, except for a small number of 
observation points located in right bottom corner of the plot. We find 
most of the estate pairs (except 5) lie in the first quadrant. This pattern is 
unproblematic to be understood as this window exactly covers the 
turning point of the residential property market around the Asian 
Financial Crisis. However, for the window that covers the period from 
2001 M5 to 2003 M4, it is difficult to determine whether there is any 
association between the ROR correlation and VOL correlation as the 
points display significant clustering at the center of the graph (0,0). 
However, this situation may not necessarily be a signal that the linkage 
disappears around the outbreak of SARS. When the activeness of Hong 
Kong residential property market reaches its lowest point; we will not be 
able to detect the price change with no transaction records. This 
complicates the picture of property market performance. 
5.5 Robustness Check 
When studying the behaviour of correlation between residential 
estates in Hong Kong, significant attention should be paid to the sample 
used to construct price and volume time series data. In order to test the 
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robustness of the results to different number of estates, the analyses in 
section 5.2 and 5.4 are repeatedly estimated using the restricted sample. 
Figure 19 shows the count of correlation coefficients for rate of 
return in the restricted sample. The number of positive correlations is 
still very large and not less than 61% of the total. The structural break 
for the sudden drop in the percentage of positive correlations remains at 
1999 M i l . The time plots of the percentage of correlations that 
significantly positive still signals the possibility of occurrence of a 
structural change in the residential property market after the Asian 
Financial Crisis. The percentage of negative correlations increases up to 
around 30% after 2000 M i l and again we find that most of the negative 
correlations are not significantly different from zero in the sampling 
period. 
(Figure 19 about here) 
Figure 20 plots the same set of count of correlations for detrended 
trading volume in the restricted sample. The percentage of positive 
correlations is still very large and not less than 62% of the total. One 
point to note is that the percentage is always higher 90% before 2003 
M3. We can easily have an impression that a structural change occurs at 
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1999 M6 (drops for about 30% in a single month), from the inspection of 
the time plot of the percentage of significantly positive correlations. 
(Figure 20 about here) 
The time-series plot of mean, standard deviation and skewness of 
real housing return correlations in the restricted sample are depicted in 
Figures 21a to 21c (restricted sample real price*] is also included in each 
graph). There is again no apparent upward or downward trend in the 
series of mean correlation. The mean reaches its peak at 1998 M6 and 
hits its lowest point at 2003 M4. This result is consistent with that of the 
full sample ROR. The distribution of all pairwise correlations is most 
compact at 1998 M6 with the standard deviation hits its lowest point. 
Also, we can observe there is a tendency of increasing degree of 
"mirror-imaging" of the distribution after the market crash in early 1998. 
(Figures 21a, 21b and 21c about here) 
Figures 22a to 22c show the mean, standard deviation and skewness 
of trading volume correlations in the restricted sample (restricted sample 
rolling trading volume is also included in each graph). The mean 
43 The constructed restricted sample real price series also has a high correlation (0.99) with the 
government released data. 
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correlation does not show that there is an increasing degree of 
synchronization of trading volume of different estates. The mean reaches 
its peak at 1999 M2, which is later than the counterpart in ROR 
correlation. It hits its lowest point at 2003 M8. The rolling total trading 
volume seems to be a leading variable to mean correlation. Next, the 
time plot of standard deviation can be divided into three segments. The 
standard deviation is increasing for the period between 1994 Ml and 
1997 M3, despite the short term drop around the timing of 
announcement of anti-speculation measures in 1994. It is then in a down 
trend until 1999 M4. The standard deviation rises sharply in three 
months and then remains moving around the value of 0.25. On the 
other hand, the time plot of skewness is more or less a "V-shaped". 
Before 1998 Ml2，the series is governed by a downward trend，despite 
the short term shoot up before 1997 July handover. The skewness keeps 
on rising and the distribution of all pairwise correlations is approaching 
symmetric. In general, by simple visual inspection, it is difficult to 
associate the amount of transactions with the third "moment" series. 
(Figures 22a, 22b and 22c about here) 
Figures 23 and 24 show the frequency distribution of restricted 
sample ROR and VOL correlations in the corresponding windows of 
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highest mean correlation ("1997 M3 to 1999 M2" for ROR) and lowest 
mean correlation (2001 M9 to 2003 M8) respectively. The shape of 
correlation distribution is almost the same in comparing with that of 
ROR correlation, although the dates of peak correlation and trough 
correlation are different from the counterpart for ROR correlations. The 
conjecture of a coincidence of high average value, low standard 
deviation and high negative skewness in the correlation structure of 
residential property market, for both ROR and VOL, is supported by the 
analysis with the restricted sample. 
(Figures 23 and 24 about here) 
Potential geographical segmentation (for three major regions) in the 
residential property market are examined by calculating the within-group 
and inter-group correlations for restricted sample ROR and restricted 
sample VOL (see Figures 25 and 26) that there is again not much 
distinction between within-group and inter-group correlations. An 
interesting finding is that the average of VOL correlation among the 
estates in Kowloon drops much slower in the downtrend of 
interdependence form mid 1999. The ROR correlation series concerning 
Kowloon (including KLN vs. KLN, HK vs. KLN and KLN vs. NT) fall 
below zero around the trough of the property market at early 2003. In 
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addition, in comparing with the counterpart in full sample, we find a 
much smaller variation in correlation for different groups. 
(Figures 25 and 26 about here) 
We repeat the analysis of determining whether there is an 
association between the ROR correlation and VOL correlation in the 
restricted sample. Figures 27, 28 and 29 report the scatter plot of VOL 
correlation versus ROR correlation of each pair estate i and j, for the 
whole sample period and two selected windows. For the whole sample 
period, the plot hints that there is a positive association between the 
ROR correlation and VOL correlation, which is more apparent than that 
for full sample. A pair of estates which is highly correlated in price 
fluctuation would also be highly correlated in trading volume fluctuation. 
As seen in the plot, all estate pairs lie in the first and second quadrant 
which suggests the trading volume of different estates in general move in 
the same direction. Definitely, we will not be capable to identify the 
causal relational between the two correlation variables by the above 
analysis. For the window that covers the period from 1996 M7 to 1998 
M6, the plot indicates there is a positive association between the ROR 
correlations and VOL correlations. We find all estate pairs positioned in 
the first quadrant during the turning point of Asian Financial Crisis. 
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However, for the window that covers the period from 2001 M5 to 2003 
M4, there is not much evidence that we can establish a link between the 
ROR correlation and VOL correlation around the outbreak of SARS. 
The existence of apparent connection between ROR (and VOL) 
correlation and the market performance is verified in the investigation of 
the restricted sample. Further, consistent results from the restricted 
sample show the robustness of the/w// sample study. 
(Figures 27，28 and 29 about here) 
Figure 30 displays the time series of 24-month rolling window 
annualized aggregate market variance (MKT), average estate-level 
variance (IDIO), and total variance (VAR) for the equally-weighted case 
in the restricted sample. Figures 31, 32 and 33 report the relationship 
between the three moments (average, standard deviation and skewness) 
of correlation coefficients and variance ratio respectively. It is noticeable 
that the findings, mainly the association among increasing degree of 
idiosyncratic volatility and the behaviors of moments (e.g. the mean 
correlation and variance ratio series are 97% negatively correlated)), are 
consistent with those in full sample. 




This thesis uses a disaggregated data set of the Hong Kong 
residential property market data to estimate, analyze and interpret the 
time-varying correlation structure of both real rate of return and 
detrended trading volume among a number of most frequently traded 
estates. Correlation estimates based on the rolling window technique are 
compared to the semi-correlation measure. 
It is obvious that the correlation relationships among residential 
estates change very significantly over time, confirming the financial 
contagion literature (for instance, see Forbes and Rigobon (2002)). 
Pattern of temporal instability in correlations seems to be coincided with 
some major events in the sample period. In particular, the mean 
correlation of real rate of return increased from about 0.3 (1994 Ml) to 
more than 0.7 (1998 Ml) , when the real price of housing lost about half 
of its value. And then the mean correlation goes down to below 0.2 in 
2001 M l , even before the outbreak of SARS. The situation of mean 
correlation of trading volume is qualitatively similar but quantitatively 
more dramatic. It decreases from about 0.65 (1999 Ml) to below 0.4 
within a year. And even when both the real rate of return and trading 
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volume rebound after 2004 Ml , the mean correlation stays low. This 
structural change seems to be in line with a "learning story". Before the 
Asian financial crisis, people believe that the real estate market is mainly 
driven by some "common factor", which leads to an increasing degree of 
comovement during the first half of the sampling period. About one or 
two years after the crisis, the expectations of the people change. Both the 
real rate of return and the trading volume seem to be driven by 
idiosyncratic factors, as the mean correlations of both rate of return and 
trading volume stay low (and the skewness remains high). The results 
for ROR correlations can be particularly interpreted in the light of 
changing ratio of idiosyncratic volatility to aggregate volatility, for 
which the related topics are important component of financial theory. 
Notice that the empirical results sustain even after we remove all the 
primary sales (the restricted sample). 
The asymmetry in return correlation is not as clear as the similar 
study in the international stock market and securitized property market. 
With the technique of semi-correlation, the mean and the median of all 
correlations are higher in the down market. This phenomenon is not 
consistent for all estate pairs in the sample as there are only 60% of 
estate pairs show a higher degree of co-movement in the poor 
performing market regime. These cannot be regarded as a strong notion 
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of correlation asymmetry. 
In addition, we find evidence that a pair of residential estates which 
is highly correlated in price fluctuation would also be highly correlated 
in trading volume fluctuation. However, this phenomenon is not 
time-invariant and seems to be affected by the property market condition. 
For instance, this linkage is weakened during the outbreak of SARS in 
early 2003. 
Future research can extend in other directions. First, the sample can 
be enlarged. This thesis focuses on the most frequently traded list, which 
have transaction records as early as January 1992, in order to obtain the 
longest balance panel data. Future research may extend to other 
residential estates, or even other cities for comparison. Second, 
additional effort is needed to clean and trim the data by excluding the 
outliers (extreme increases or decreases in transacted price at the 
micro-level), so as to calculate a more reliable hedonic price index. The 
purifying procedure should only be implemented when there is a widely 
accepted rule to define what an outlier is, so as to lower the level of 
arbitrary (selection bias). Third, this research only focuses on the 
residential housing. An ongoing effort is to extend to office or 
commercial buildings, which would hopefully lead to a more complete 
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picture of how the entire real estate market react to dramatic event or 
financial crisis."^ 
似 For instance, see Leung, Cheung and Ding (2006) on this direction. 
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Appendix III 
A Summary of Hedonic Pricing Equation 
In our hedonic pricing models, a number of variables were used to 
capture both the within-estate and intra-estate heterogeneity. 
1. Within-estate Variables 
All housing units in our sample are selected from large housing 
estates typically consisting of high-rise residential blocks with 6-8 
apartment units on each floor. The high homogeneity of the physical 
characteristics of our sample allows us to include only a few major 
structural attributes such as floor levels, flat sizes (measured in square 
feet)45’ and building age (time distance between the date of completion 
and date of our investigation)"^^ to capture the within-estate variation. 
Squared and cubic terms of these three variables are also included in the 
equation, so to capture any non-linear effect. Also a dummy variable of 
lucky numbers (a flat is located on a floor with lucky numbers (i.e. 
8,18,28 and 38)) is included to capture the possible effect of this cultural 
factor, which is a concern (in terms of "feng shui") that may be of 
45 The EPRC provides two numbers of area data: the gross area and the net area. In this study we 
have picked the gross area. The first reason is that information on the net area is not always available. 
The second reason is that we want to avoid the potential source of measurement error in the sample. 
In Hong Kong, there is neither official regulation nor professional consensus about how to measure 
the net area. Consequently, the "net area" reported by property developers is subject to personal bias 
and varies between developers. 
This specification will make the index construction procedure, which based on the parameters of 
hedonic pricing models, more efficient. 
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particular importance in the Chinese context. 
2. Intra-estate Variables 
Moreover, as the properties in our sample are estate-type housing 
units, they normally share a common set of facilities and amenities (e.g. 
schools and shops) within the same locality. As our primary goal is to 
investigate the time-varying correlation structure of the residential 
property market, we have to maintain the uniqueness of price dynamics 
of each estate in our sample. However, traditional approach of 
introducing neighborhood attribute variables such as swimming pools, 
proximity to waters, proximity to local, mass transportation (i.e. subway 
or train stations)，district-level measures (i.e. Hong Kong Island, 
Kowloon Peninsula, or the New Territories) is inappropriate as some of 
the pairs of estates share exactly the same set of 'observed' 
characteristics (e.g. Village Garden and Pare Oasis). This necessarily 
implies that their returns that based on the hedonic-constructed indices 
will share the same dynamics. In order to prevent this situation, we 
decide to replace all these attributes by a set of dummy variables that 
each one represents one estate. 
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Appendix III 
Illustration of Composition Effect 
Except for a general decrease on correlation for all estate pairs, 
another reason for time-varying correlation is that the composition of 
estate group changes over time. Housing units are often grouped 
according to quality level. Quality attributes of housing units should be 
fixed over time, unless there is a significant change in the neighboring 
environment (e.g. extension of railway network, new reclamation 
projects). However, as the demand of quality attributes may not be 
time-invariant (because of taste or potential buyers' income or other 
factors), the bound separating the sub-groups may become time-varying. 
Let's start by considering an example that shows how the mean, 
standard deviation and skewness of all pairwise correlations can change 
with the composition of estate groups. Suppose we have 10 estates and 
they are divided into 3 sub-groups, namely A, B and C. Group A can be 
regarded as average-quality group while Group C can be regarded as 
high-quality group. In reality, the size of group should decrease with the 
quality of housing units, i.e. size of A > size of B > size of C. 
In our example, within-group correlation (i.e. A vs A, B vs B and 
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C vs C) is assumed to be 0.8. Adjacent-group correlation (i.e. A vs B and 
B vs C) is assumed to 0.6. Non-adjacent group correlation (i.e. A vs C) is 
assumed to be 0.2. These assumptions are reasonable that estates sharing 
similar characteristics should be more correlated than that are very 
different. We further assume the within-group, adjacent-group and 
non-adjacent group correlation is constant across several cases below, so 
as to simplify the picture and more concentrate on the effects of changes 
in composition. We create seven different cases with different numbers 
of residential estates in each sub-group (Table 5 reports all pairwise 
correlations in each case). With the constructed hypothetical illustration, 
we can observe there are substantial changes in the moments of all 
pairwise correlations (see Table 6 and Figure 37). When the housing 
units "diffuse" upward from the average-quality group (Group A) to 
other groups, the mean correlation slightly decreases while the 
distribution of correlation approaches symmetric in a fast speed, while 
the standard deviation fluctuates in a small extent. This confirms the 
necessity to study the behavior of higher moments when we look at the 
time-varying correlations. 
(Figure 37’ Table 5 and 6 about here) 
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Appendix III 
A Summary of Calculating Correlation Coefficient 
Statisticians measure and describe the degree of linear dependence 
between events (or variables), or how closely they co-vary, by means of 
a statistic called the correlation coefficient. A correlation coefficient can 
have a value from -1 to 1. A correlation coefficient of 1 (-1) means that 
there is a perfect positive (negative) linear relationship between the two 
variables. A correlation coefficient of 0 means that there is no linear 
relationship between the variables. 
A correlation coefficient describes only the overall (or average) 
degree of linkage between two events in a static way. This measure does 
not reveal whether the degree of linkage remains stable over time, or 
whether linkages change under extreme or unusual conditions. And so, 
the two following techniques try to add the time-varying property into 
this commonly used statistic. 
1. Rolling Window Estimation 
Let X i be the realized value of real rate of return (or detrended 
trading volume) for residential estate x on month i, at a 
backward-looking window (length = 24 months) in time t (this date 
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refers to end of 24-month window), 
— 23 
Sample Mean = X t = S X m 
i=0 
23 一 
Sample Variance = S = ^ (X - / (24-1) 
/=0 
23 — — 
Sample Covariance = S xy^  = ^ (X - Y 7 ) (Y m : - T 7 ) / (24-1) 
i=0 
Sample Correlation = C xy = S xy / (S x S y) 
The count of correlation coefficients that are (1) positive, (2) 
negative, (3) significantly positive and (4) significantly negative; the 
summary statistics (including mean, standard deviation and skewness) 
and the frequency distribution will be based on the estimated sample 
correlation (C xy) of 630 (325for restricted sample) (i.e. N(N-l)/2 ) pairs 
of residential estates. 
1. Semi-correlation Estimation 
Given x and y are the real rate of return of two residential estates, 
up-up and down-down semi-correlations are estimated with the formula: 
CORR(x+，y+) = cov(x’y |x�T’y > M 
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CORR(x-，y-) = cov(x’y|x〈，y 严） 
where cov refers to covariance and var refers to variance. 
Another representation is that: 
CORK {x,y) = — 
where the up-up correlation is calculated by summing over values of x 
and y larger than their average value. Similarly the down-down 
correlation is calculated by summing over values of x and y smaller than 
their average value. 
With the calculation of correlation coefficients in two regimes, we 
will explore the characteristics of the two distributions. 
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Appendix III 
CLMX Variance Decomposition 
Here we present the CLMX (2001) "model-free" return 
decomposition that applicable in our study for Hong Kong residential 
property market. In a standard single-factor CAPM framework with a 
zero risk-free rate, estate /，s excess return in period t can be expressed 
as: 
⑴ R丨,=fi“A丨+若“ 
where is estate i’s sensitivity to the market return (尺,,）and is 
the portion of the return that is uncorrelated with the market portfolio 
(i.e., orthogonal to r"�by construction). The variance of equation (1) 
divides the total risk of estate i into market and estate-specific 
component. 
( 2 ) VariR,) = j3lyariR,„,) + Var{e,) 
Decomposing the variance in such ways will require us to 
estimate estate sensitivities to the whole market (y^",,). CLMX variance 
decomposition is a clever method that gets around the necessity to 
estimate the beta coefficients by imposing the assumption of unit market 
betas (i.e. = 1 for all /). In this way, we can just focus on the weighted 
average variance across residential estates. In this simplified framework, 
the return for estate i is expressed as: 
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Substituting in for 尺”from equation (1) and solving for the 
estate-specific residual e“ yields: 
Noting that , ) = - l)R„„ + e,, ) = - l)Var{R,„,) ’ the 
variance of 尺“in (3) may be expressed as: 
(5 ) Var{R,) = Var(R …,)+ Varie,丨)+ 2Cov(R„,, ’ f , ) 
=Var(R„,) + Vatie“) + - \)Var{R„,) 
which reintroduces the beta coefficients into the simplified variance 
equation. As mentioned by CLMX, since the weighted average of all 
betas equals one, taking the weighted average across all estates will 
make the last term on the right-hand-side collapse to zero. Finally, it 
yields a beta-free decomposition of average estate volatility斗？： 
(6) E 尺”)=Var(Ri 丨,,)+ X w,Var{8,) 
i i 
where w,., is estate /’s market weight at time t. 
For simplicity and easier interpretation (because throughout the 
paper, the market ROR correlation is taken to be a simple average of all 
pairwise correlation coefficients), we assume that we have an 
47 This decomposition is only an approximation as pointed out by CLMX (2001) because the average 
estate-specific volatility (IDIO) is only approximately equal to the average variance of the CAPM 
idiosyncratic residuals. Their difference, however, is shown to be negligible if the cross-sectional 
variance of the beta coefficients is not too volatile. 
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equally-weighted market portfolio, i.e. w" =! /« , where n is the number of 
residential estates in the portfolio . And consequently the left-hand-side 
will be the average total volatility (hereafter VAR) and the 
right-hand-side will consist of two components: the market volatility 
(hereafter MKT) and the average estate-specific volatility (hereafter 
IDIO). The final form is: 
(7) - Z VariRi,) = VariR …,Var(e丨,) 
« / “ / 
VARt = MKTt + IDIOt 
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Table 1 List of Housing Estates 
. . XT Completion No. of No. of Estate Name Chinese Name ^^^ n „ -u-Date Units Buildings 
Hong Kong Island 
BEVERLY HILL 比華利山 Dec-88 683 10 
CHI FU FA YUEN 置富花園 Jun-81 4326 27 
CITY GARDEN 城市花園 May-86 2393 14 
HENG FA CHUEN 杏花村 Nov-89 6311 48 
KORNHILL 康怡花園 Jun-87 6615 32 
LEI KING WAN 鯉景灣 Feb-89 2295 17 
PARKVALE 柏蕙苑 Dec-89 838 4 
POKFULAM GARDEN 薄扶林花園 Dec-79 1120 6 
SOUTH HORIZONS 海怡半島 Mar-95 9232 34 
TAIKOO SHING 太古城 May-87 12690 61 
WESTLANDS COURT 華蘭花園 Jun-85 652 4 
Kowloon Peninsula 
AMOY GARDEN 淘大花園 Jun-87 4896 19 
LAGUNA CITY 麗港城 Dec-94 8071 38 
MEIFOO SUN CHUEN 美孚新村 May-78 13063 99 
PARC OASIS 又一居 Mar-95 1818 32 
SCENEWAY GARDEN 匯景花園 Apr-92 4112 17 
TELFORD GARDEN 德福花園 Feb-82 4065 21 
VILLAGE GARDENS 又一村花園 Sep-87 488 53 
WHAMPOA GARDEN 黃埔花園 Jan-91 10287 88 
The New Territories 
ALLWAY GARDEN 签威花園 Jun-Sl 3418 16 
BELVEDERE GARDEN 麗城花園 Apr-91 6016 19 
CITY ONE SHATIN 沙田第一城 Oct-87 10642 52 
FANLING CENTRE 粉嶺中心 Dec-91 2200 11 
HONG KONG GOLD COAST 香港黃金海岸 Mar-95 2052 30 
KINGSWOOD VILLAS 嘉湖山莊 Dec-97 15836 58 
LUK YEUNG SUN CHUEN 綠楊新村 May-84 3624 16 
MIAMI BEACH TOWERS 邁亞美海灣 Nov-91 1272 6 
NEW TOWN PLAZA 新城市廣場 Jul-91 792 5 
RIVIERA GARDEN 海濱花園 Dec-89 5636 20 
SEA CREST VILLA 浪翠園 Feb-95 2221 13 
SERENITY PARK 太湖花園 Dec-94 2450 15 
SUN TUEN MUN CENTRE 新屯門中心 Sep-90 3407 10 
TAIHING GARDEN 大興花園 Jan-94 3647 15 
TUEN MUN TOWN PLAZA 屯門市廣場 Sep-92 1928 8 
UPTOWN PLAZA 新達廣場 Apr-91 1200 6 
WONDERLAND VILLAS 華景山莊 Aug-87 1502 22 
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Table 2 The Summary Statistics for the Monthly Real Rate of 
Return (in percentage) 
English Name Chinese Name Mean Median Maximum Minimum 
Allway Garden 签威花園 -0.005 -0.039 25.021 -21.742 
Amoy Garden 淘大花園 -0.131 -0.187 13.518 -16.366 
Belvedere Garden 麗城花園 0.009 0.030 62.820 -38.236 
Beverly Hill 比華利山 2.397 0.991 213.753 -77.062 
Chi Fu Fa Yuen 置富花園 0.111 0.143 20.011 -19.955 
City Garden 城市花園 0.594 0.200 54.083 -33.735 
City One Shatin 沙田第一城 -0.003 0.551 24.759 -23.322 
Fanling Center 粉嶺中心 -0.105 0.384 15.103 -18.177 
Heng Fa Chuen 杏花村 0.113 0.163 19.534 -18.461 
Hong Kong Gold Coast 香港黃金海岸 0.532 0.344 53.950 -35.981 
Kingswood Villas 嘉湖山莊 -0.218 -0.283 13.992 -13.804 
Kornhill 康怡花園 0.110 0.259 19.303 -17.688 
Laguna City 麗港城 0.119 0.108 30.542 -21.419 
Lei King Wan 鲤景灣 0.192 0.563 20.237 -22.796 
Luk Yeung Sun Chuen 綠楊新村 0.044 -0.151 20.658 -14.685 
Mei Foo Sun Chuen 美孚新村 0.060 0.695 14.669 -16.324 
Miami Beach 邁亞美海灣 0.035 0.218 26.083 -23.160 
New Town Plaza 新城市廣場 0.737 1.301 98.425 -46.725 
Pare Oasis 又一居 0.370 -0.007 20.985 -23.113 
Parkvale 柏蕙苑 0.986 0.000 148.188 -56.109 
Pokfulam Garden 薄扶林花園 0.965 0.623 64.133 -44.242 
Riviera Garden 海濱花園 -0.073 0.263 14.199 -12.976 
Sceneway Garden 匯景花園 0.190 0.876 24.193 -25.439 
Sea Crest Villa 浪翠園 0.293 0.294 72.010 -27.359 
Serenity Park 太湖花園 0.133 0.376 30.465 -19.592 
South Horizons 海怡半島 0.203 0.462 12.187 -17.554 
Sun Tuen Mun Center 新屯門中心 -0.113 -0.384 26.568 -19.247 
Tai Hing Garden 大興花園 -0.146 0.299 14.572 -15.882 
Taikoo Shing 太古城 0.202 0.284 20.556 -12.992 
Telford Garden 德福花園 0.016 0.064 18.298 -19.699 
Tuen Mun Town Plaza 屯門市廣場 -0.096 0.144 26.211 -22.139 
Uptown Plaza 新達廣場 0.537 0.224 74.489 -46.256 
Village Garden 又一村花園 2.027 1.435 132.262 -60.042 
Westlands Court 華蘭花園 0.078 0.863 28.664 -30.833 
Whampoa Garden 黃埔花園 0.009 0.357 17.193 -16.364 
Wonderland Villas 華景山莊 0.428 0.000 58.620 -38.896 
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Table 3a The Summary Statistics for the Monthly Trading 
Volume 
Chinese No. of Zero Estate Name Mean SD Max Min Transaction Name _, Month 
Allway Garden 荃威花園 19.667 12.942 76 1 0 
Amoy Garden 淘大花園 39.0% 23.891 128 7 0 
Belvedere Garden 麗城花園 41.705 28.667 175 9 0 
Beverly Hill 比華利山 6.596 6.651 47 0 5 
Chi Fu Fa Yuen 置富花園 26.122 16.723 82 4 0 
City Garden 城市花園 15.821 10.168 62 3 0 
City One Shatin 沙田第一城 99.250 64.528 353 21 0 
Fanling Center 粉嶺中心 19.840 14.286 74 2 0 
Heng Fa Chuen 杏花村 48.179 35.316 157 10 0 
Hong Kong Gold Coast 香港黃金海岸 11.397 17.041 149 0 2 
Kingswood Villas 嘉湖山莊 178.814 238.593 1267 14 0 
Kornhill 康怡花園 48.660 34.221 183 7 0 
Laguna City 麗港城 74.077 80.707 624 11 0 
Lei King Wan 鯉景灣 15.878 10.551 48 2 0 
Luk Yeung Sun Chuen 綠楊新村 24.179 14.773 69 1 0 
M d Foo Sun Chuen 美孚新村 95.494 55.259 341 26 0 
Miami Beach 邁亞美海灣 12.705 10.305 64 0 1 
New Town Plaza 新城市廣場 5.500 4.506 25 0 6 
Pare Oasis 又一居 21.731 38.128 343 1 0 
Pai-kvale 柏蕙苑 5.212 4.211 19 0 5 
Pokfulam Garden 薄扶林花園 7.295 4.728 27 0 2 
Riviera Garden 海濱花園 38.353 27.887 156 0 1 
Sceneway Garden 匯景花園 32.455 22.662 123 6 0 
Sea Crest Villa 浪翠園 29.679 51.318 338 0 3 
Serenity Park 太湖花園 26.359 28.056 218 3 0 
South Horizons 海怡半島 103.340 175.229 1205 17 0 
Sun Tuen Mun Center 新屯門中心 25.481 17.743 97 4 0 
Tai Hing Garden 大興花園 38.006 69.922 693 0 1 
Taikoo Shing 太古城 88.353 56.055 298 20 0 
Telford Garden 德福花園 26.468 16.220 99 7 0 
Tuen Mun Town Plaza 屯門市廣場 15.833 20.289 180 0 1 
Uptown Plaza 新達廣場 9.776 6.624 38 0 1 
Village Garden 又一村花園 4.263 3.612 20 0 9 
Westlands Court 華蘭花園 5.551 4.360 19 0 5 
Whampoa Garden 黃埔花園 77.949 51.928 302 10 0 
Wonderland Villas 華景山莊 11.353 9.468 52 0 1 
9 0 
Table 3b The Summary Statistics for the Detrended Monthly 
Trading Volume 
Estate Name Cljmese MEAN SD Max Min Name 
Allway Garden 荃威花園 0.032 11.502 48 -40 
Amoy Garden 淘大花園 -0.290 21.771 80 -96 
Belvedere Garden 麗城花園 -0.394 25.991 126 -118 
Beverly Hill 比華利山 -0.077 6.996 40 -39 
Chi Fu Fa Yuen 置富花園 -0.013 15.566 57 -55 
City Garden 城市花園 -0.135 9.045 25 -44 
City One Shatin 沙田第一城 -1.206 52.809 218 -208 
Fanling Center 粉嶺中心 -0.019 10.264 37 -28 
Heng Fa Chuen 杏花村 -0.600 28.398 98 -102 
Hong Kong Gold Coast 香港黃金海岸 -0.026 16.488 100 -137 
Kingswood Villas 嘉湖山莊 -1.110 247.373 1217 -1138 
Kornhill 康怡花園 -0.542 29.367 105 -131 
Laguna City 麗港城 -1.974 96.381 578 -572 
Lei King Wan 鲤景灣 0.026 8.895 30 -28 
Luk Yeung Sun Chuen 綠楊新村 -0.245 12.261 38 -47 
Mei Foo Sun Chuen 美孚新村 -0.426 47.446 207 -224 
Miami Beach 邁亞美海灣 -0.032 9.231 40 -43 
New Town Plaza 新城市廣場 -0.103 4.115 12 -16 
Pare Oasis 又—居 -0.858 51.695 325 -310 
Parkvale 柏蕙苑 -0.032 4.030 13 -13 
Pokfulam Garden 薄扶林花園 -0.045 4.997 17 -12 
Riviera Garden 海濱花園 -0.419 24.171 101 -82 
Sceneway Garden 匯景花園 -0.084 17.462 57 -57 
Sea Crest Villa 浪翠園 0.090 47.592 301 -274 
Serenity Park 太湖花園 -0.026 25.432 201 -151 
South Horizons 海怡半島 0.187 198.168 1161 -974 
Sun Tuen Mun Center 新屯門中心 -0.174 15.718 58 -68 
Tai Hing Garden 大興花園 0.097 75.549 692 -409 
Taikoo Shing 太古城 -0.665 45.961 160 -190 
Telford Garden 德福花園 -0.258 14.849 57 -64 
Tuen Mun Town Plaza 屯門市廣場 -0.058 20.671 163 -166 
Uptown Plaza 新達廣場 -0.071 6.474 21 -25 
Village Garden 又一村花園 0.013 3.824 13 -16 
Westlands Court 華蘭花園 -0.071 4.576 14 -15 
Whampoa Garden 黃埔花園 -0.548 41.797 139 -200 
Wonderland Villas 華景山莊 -0.065 7.937 23 -38 
9 1 
Table 4 Summary Statistics of Semi-Correlation - Full Sample 
VOL 
Up-up Market Down-down Market 
Mean correlations 0.1892 0.2406 
Median of Correlations 0.1812 0.2510 
Standard Deviation of ^ . , ^ 广 , . . U.1946 U.lo/y Correlations 
Skewness of Correlations 0.1760 -0.2327 
Number of Estate Pairs Shows a 
higher Correlation in 384 
Down-down Market 
Percentage 60.95% 
Table 5 Composition of Estates in Different Cases 
I II III IV V VI VII 
A 8 7 6 6 5 5 4 
B 1 2 3 2 4 3 3 
C 1 1 1 2 1 2 3 
9 2 
Table 6 Hypothetical Correlation and Moments 
estate i estate j I II III IV V VI VII 
1 2 ^^08 oi 08 08 ~~ 
1 3 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
1 4 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
1 5 0.8 0.8 0.8 0.8 0.8 0.8 0.5 
1 6 0.8 0.8 0.8 0.8 0.5 0.5 0.5 
1 7 0.8 0.8 0.5 0.5 0.5 0.5 0.5 
1 8 0.8 0.5 0.5 0.5 0.5 0.5 0.2 
1 9 0.5 0.5 0.5 0.2 0.5 0.2 0.2 
1 10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
2 3 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
2 4 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
2 5 0.8 0.8 0.8 0.8 0.8 0.8 0.5 2 6 0.8 0.8 0.8 0.8 0.5 0.5 0.5 
2 7 0.8 0.8 0.5 0.5 0.5 0.5 0.5 2 8 0.8 0.5 0.5 0.2 0.5 0.5 0 .2 
2 9 0.5 0.5 0.5 0.2 0.5 0.2 0.2 
2 10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
3 4 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
3 5 0.8 0.8 0.8 0.8 0.8 0.8 0.5 
3 6 0.8 0.8 0.8 0.8 0.5 0.5 0.5 
3 7 0.8 0.8 0.5 0.5 0.5 0.5 0.5 
3 8 0.8 0.5 0.5 0.2 0.5 0.5 0.2 
3 9 0.5 0.5 0.5 0.2 0.5 0.2 0.2 
3 10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
4 5 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
4 6 0.8 0.8 0.8 0.8 0.5 0.5 0.8 
4 7 0.8 0.8 0.5 0.5 0.5 0.5 0.8 
4 8 0.8 0.5 0.5 0.5 0.5 0.5 0.5 
4 9 0.5 0.5 0.5 0.2 0.5 0.2 0.5 
4 10 0.2 0.2 0.2 0.2 0.2 0.2 0.5 
5 6 0.8 0.8 0.8 0.8 0.5 0.5 0.8 
5 7 0.8 0.8 0.5 0.5 0.5 0.5 0.8 
5 8 0.8 0.5 0.5 0.5 0.5 0.5 0.5 
5 9 0.5 0.5 0.5 0.2 0.5 0.2 0.5 
5 10 0.2 0.2 0.2 0.2 0.2 0.2 0.5 
6 7 0.8 0.8 0.5 0.5 0.8 0.8 0.8 
6 8 0.8 0.5 0.5 0.5 0.8 0.8 0.5 
6 9 0.5 0.5 0.5 0.2 0.8 0.5 0.5 
6 10 0.2 0.2 0.2 0.2 0.5 0.5 0.5 
7 8 0.8 0.5 0.8 0.8 0.8 0.8 0.5 
7 9 0.5 0.5 0.8 0.5 0.8 0.5 0.5 
7 10 0.2 0.2 0.5 0.5 0.5 0.5 0.5 
8 9 0.5 0.8 0.8 0.5 0.8 0.5 0.8 
8 10 0.2 0.5 0.5 0.5 0.5 0.5 0.8 
9 10 0.5 0.5 0.5 0.8 0.5 0.8 0.8 
Mean 0 . 6 3 3 3 0 . 6 0 0 0 0 . 5 8 0 0 0 . 5 2 0 0 0 . 5 7 3 3 0 . 5 2 6 7 0 . 5 4 0 0 
^ . 0.2355 0.2216 0.2063 0.2510 0.1935 0.2199 0.2178 Deviation 
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